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Abstract 
A traditional Doctoral thesis involves exploring known boundaries on a subject 
within a discipline; a vertical slice expanding knowledge in that area.  This thesis 
takes a horizontal slice across science disciplines expanding knowledge in 
environmental engineering with light with the aim of improving current criteria by 
recommending changes to produce minimum detrimental effect.  This thesis also 
indicates how society, business, legislation and conservation practice influence 
science based outcomes in Standards and Codes of practice. 
Recent history reveals that artificial light outdoors at night produced little effect in 
Australia until technological developments during the last hundred years and 
particularly the latter decades, and that when combined with population growth and 
increasing life style expectations, has produced a proliferation of luminaire 
installations.  This is the reason unwanted artificial light at night has become, and is, 
an increasingly important issue. 
Hypotheses based on common questions and misconceptions relating to existing 
use of Legislation, Standards and business and professional practice are presented 
and discussed using case studies, interviews and literature surveys.  The 
hypotheses include: 
 Change in ambient outdoor lighting conditions at night caused by artificial 
lighting results in loss of species; 
 Reduced / degraded amenity is a significant trigger for applying obtrusive 
light restrictions; 
 Industry often takes a pessimistic view of restrictions to existing practice and 
predicts the end of civilisation, capitalisation, and of night-time recreational, 
social and tourist activity etc.; 
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 The effects of artificial lighting are primarily localised; 
 The presence of a rare or endangered species will prevent a proposed 
development proceeding; 
 Assessment of an existing environment prior to any proposed development 
proceeding is based on a snapshot in time rather than establishing the 
constantly changing characteristics of that existing environment over a 
period of time. 
Further hypotheses are proposed and anecdotal evidence provided to indicate that 
business can influence Standards and Codes and, that unless there is sufficient 
financial incentive in one form or another, the lighting industry is unlikely to self-
regulate on environment and unwanted light issues. 
Empirical research methods are used to challenge natural nocturnal benchmark 
criteria noted in literature and mentioned in environmental impact assessments.  
The results indicate that an illuminance of 0.27 lux on the horizontal is the most 
appropriate for mean full moon at zenith; however, it is assessed that a value of 
0.025 lux is more appropriate as a benchmark.  Most natural lighting criteria 
constantly changes from sunset through to sunrise and therefore more limits are 
proposed to define those aspects, including spectral composition, to address new 
emerging technologies such as LED, and that these criteria should be incorporated 
into AS4282 and referred to in planning instruments thereby improving the practice 
of environmental engineering with light. 
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Introduction 
“… if human vision were not so anatomically diurnal, artificial lighting would not be 
necessary.” (Beier, 2006, p20).  However, artificial lighting is necessary and defining 
and limiting the unwanted and detrimental effects on the natural outdoor 
environment is an issue that requires much more research, improved inter-discipline 
understanding and improved light engineering practice. 
My concern about unwanted outdoor lighting effects at night in Australia has 
increased since the late 1980’s having completed a Master of Building Science 
degree thesis on obtrusive light and outdoor floodlight installations.  During 
subsequent decades in lighting design practice and consultancy, a number of 
project opportunities arose requiring assessment of potential light spill from 
proposed developments as part of Environmental Impact Statements (EISs) that 
formed development application submissions.  The environments in which those 
projects were located ranged from developed suburban areas to natural 
environments in more remote coastal areas of Australia. 
The purpose of an EIS is to show that the predicted light spill from a proposed 
development would have minimal or negligible effect on the surrounding human and 
natural environment and to also propose, if necessary, mitigating measures to make 
it more acceptable.  However, it appeared that there was very little direct connection 
between predicting light spill numerically based on the human visual system and 
how that specifically related to biota believed to be present adjacent the 
development site.  It also appeared that different science discipline practices 
involved in the process had an incomplete understanding of some of the basic 
definitions of lighting terminology which meant that the value and quality of the EIS 
was sometimes questionable.  It also became evident that the controversial 
Australian Standard AS4282 – 1997 Control of the obtrusive effects of outdoor 
lighting, was being applied in the absence of any better document.  AS4282 was 
born out of the need for a document to assist Local Councils with assessing 
applications and complaints with respect to light spill from backyard tennis courts 
which had evolved into light spill from general sports field and outdoor floodlighting.  
The need for environmental assessment seemed to be increasing much more 
rapidly than research and knowledge was being developed to bridge gaps and 
refine conclusions previously covered by expression of personal opinion. 
Some States in Australia appeared to have slightly different legal document 
requirements and some sectors of society had become more active in pressing for 
reform with respect to unwanted light at night. 
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Research at advanced level often occurs within a discipline on a particular topic and 
effectively a vertical slice cuts down into and advances knowledge on the chosen 
topic.  This thesis research is different in that it is necessary by its nature to be a 
horizontal slice across many disciplines such as astronomy, biology, ecology, 
neuroscience, health, physics and the practice of engineering with light, to focus 
and to advance knowledge and light engineering practice on this topic. 
Artificial light sources are made ultimately to satisfy the needs of mankind.  They 
produce radiant energy in the human visible spectrum but as part of the process of 
generating light in the visible spectrum, radiant energy can also be produced in the 
ultra violet and infra-red regions. 
Light knows no artificial man-made boundaries: it does not recognise the artificial 
boundaries between science or engineering disciplines nor does it respect legal 
boundaries.  Unwanted lighting effects both mankind and the environment.  To 
develop a more holistic understanding of the unwanted lighting effects at night 
within Australia requires bridging the different science disciplines becoming familiar 
with the terminologies within each discipline and working together with industry and 
Governments for on-going development and refinement of light engineering 
practice. 
Australian Standard AS4282-1997 Control of the obtrusive effects of outdoor lighting 
challenged and changed the status quo and the laissez-faire approach of the 
lighting/electrical industry to outdoor lighting freedom.  AS4282 was the first national 
standard and set limits on the obtrusive effects of outdoor lighting.  It required taking 
responsibility for actions and the effects it might have on others in the surrounding 
area, not just the benefits lighting provided to the proposed development.  AS4282 
also gave Local Government a uniform set of guidelines within which to operate at a 
time when outdoor lighting was burgeoning and lighting technologies were 
becoming more powerful and affordable with lighting upgrades and ‘greenfield’ 
sports lighting sites supported by Government subsidies. 
The development, process and eventual delivery of AS4282 proved to be a 
challenge and the reaction to it equally controversial from one extreme to the other.  
AS4282 went on to become a substantial part of the International Commission on 
Illumination, the Commission Internationale de l'Eclairage’s, document CIE 
150:2003 Guide on the Limitation of the Effects of Obtrusive Light from Outdoor 
Lighting Installations.  Also, an aspect of AS4282 became incorporated into the 
International Olympic Committee’s standard outdoor lighting specification and 
remains there as a performance requirement. 
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This thesis attempts to show why unwanted artificial light at night has become an 
important issue in recent history.  It also attempts to show the social, business and 
political influences, the lack of available information, and provide examples of 
current practices with respect to conservation and Environment Impact Statement 
reports.  The purpose is to establish a holistic view of the status quo rather than a 
more traditional narrow discipline centric perspective; to question and improve 
current lighting benchmark values and suggest additional criteria necessary to 
adequately address this important issue. 
Chapter 1 establishes the light response characteristics of various biota to indicate 
the diversity of criteria required when considering the environment.  Chapter 2 
shows that natural light between sunset and sunrise is constantly changing.  Some 
simple methodologies and empirical evidence are used to dispel some literature 
claims and develop appropriate benchmark criteria for environmental assessment.  
Chapter 3 is a brief summary of the effect artificial light at night has on mankind and 
it summarises the benefits that have resulted from artificial light and notes known or 
emerging detrimental effects.  Information is gathered in Chapter 4 on the known 
spectral response of various biota in a similar structure to the structure of the 
Federal Government threatened species data base.  It is provided as a brief 
summary to illustrate the diversity of reaction to light as well as highlight the current 
lack of detailed information relative to any one species. 
Chapter 5 covers the effects of artificial light on human activity.  A summary of 
reactions from various sectors of society toward protecting the environment from 
unwanted light at night is provided in Chapter 6.  Government protection measures 
for the environment, inter-Government migratory species agreements and critical 
safety requirements for air travel are included.  The chapter also summarises 
Government protection of major astronomical assets noting astronomy activist 
groups, plus there is also a summary of professional organisations and their 
influence on how light is used.  Chapter 7 provides greater detail of current specific 
controls; namely, the protection of Siding Spring Observatory (SSO) and also the 
Civil Aviation Safety Authority (CASA) requirements in the vicinity of aerodromes. 
Chapter 8 is primarily dedicated to Standards on unwanted artificial light at night 
particularly Australian Standard AS4282 – 1997 Control of the obtrusive effects of 
outdoor lighting.  Further developments around the world relating to this topic are 
highlighted as potential for future modification of AS4282 - 1997 as this Standard is 
now well overdue for review. 
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Chapter 9 briefly summarises conservation in relation to the environment and some 
of the assumptions involved.  This chapter also provides examples of project light 
spill assessments for the purpose of indicating the inadequacies of current practice 
in respect of unwanted artificial light at night in EIS assessments. 
Developing a code of practice or standard is not necessarily only based on science 
or engineering but also modified by various commercial considerations as indicated 
in Chapter 10. 
Chapter 11 is a discussion of potential criteria for limiting unwanted light at night 
outdoors.  Criteria are proposed with references to information from the preceding 
chapters and specific criterion development logic for recommendations is included. 
The conclusion summarises the above diverse information indicating that the recent 
proliferation of outdoor artificial light at night in Australia has been due to many 
factors including technology developments, fossil fuel availability, increasing 
affluence, social freedoms and population increase.  The conclusion summarises 
the constantly changing characteristics of natural nocturnal lighting that applies to 
the diversity of life, only a small part of which is human.  Benchmark criteria are 
sorted by some simple empirical field methods and a new threshold and other 
criteria are recommended.  The current Australian Standard AS4282 – 1997 Control 
of the obtrusive effects of outdoor lighting, is based on the human perspective and 
requires urgent review to be more inclusive of recent developments and criteria and 
that it considers other life thereby improving light engineering practice. 
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1 Light and life: life on Earth and natural radiation 
1.1 Introduction 
Life in the biosphere is generally exposed to a diurnal light cycle determined 
primarily by latitude. Equatorial locations tend to experience equal length day/night 
periods whereas Polar Regions experience months of very low level light usually 
referred to as darkness or daylight depending on the relative position of the Sun.  
Latitudes between those two extremes experience varying day/night periods 
depending on the season with the shortest night at the summer solstice and the 
longest at the winter solstice in an annual cycle. 
Natural light at night is an important element.  Natural light at night is normally 
moonlight and starlight with moonlight being the most significant for most biota.  
There are also transitory effects such as Aurora Australis, lightning and 
bioluminescence.  Most forms of natural light are modified by local weather 
conditions, particularly by cloud cover. 
1.2 The diurnal light cycle 
During the day, depending on the presence or absence of cloud and the type of 
cloud cover, there may be daylight or both daylight and sunlight present 
simultaneously.  Sunlight is direct light from the sun whereas daylight is light from 
the brightness of the sky. The sun appears to traverse the sky decreasing in altitude 
from midday until sunset.  Once the Sun has set there is a period of twilight before 
full night-time conditions are established. 
There are three twilight periods that are defined by the angle the sun is below the 
horizon.  Civil twilight is the period when the Sun has set and before it has reached 
six degrees below the horizon.  Nautical twilight is the period when the Sun is 
between six and twelve degrees below the horizon.  Astronomical twilight is the 
period when the Sun is between twelve and eighteen degrees below the horizon. 
Finally night-time is established once the Sun is below the horizon by more than 
eighteen degrees. 
The reverse process occurs to sun up: night-time, astronomical twilight, nautical 
twilight, civil twilight, and then sunrise, with the Sun once again appearing to rise in 
the sky approaching midday (refer Figure 1.1). 
Ambient light during the night period can vary considerably depending on the 
presence of the moon, the available stars, and cloud cover. 
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Figure 1.1  The diurnal cycle of illuminance. 
The horizontal axis is horizontal illuminance (lux). The numerical information 
shown is from references Seidelmann (2006, p491) and Beier (2006, p25). 
1.3 Change in the spectral characteristics of natural ambient 
light according to environment 
The ambient light in a natural environment is not the same in all instances.  Endler 
(1997, p334 -340) shows that the characteristics of ambient light vary considerably 
at any one typical point of a day according to the environment (refer Figure 1.2). 
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Figure 1.2  Change in spectral characteristics of ambient light according to the 
immediate environment for four different circumstances, forest shade, woodland 
shade, small gaps in the canopy, and large gaps in the canopy, that is, a large 
clearing. 
The early/late spectral characteristics are claimed to be the same as when the light 
enters via a low angle.  The Y-axis is in μmol m-2 s-1nm-1, irradiance, Q, is light 
reaching a surface from a 180 degree solid angle  The large gaps curve is very 
similar to full sunlight.  (Endler, 1997, p334) 
Depending on the reflectance characteristics of the environment and the surfaces 
and the reflectance characteristics of the surfaces of the biota, the ambient light can 
be an integral part of providing camouflage and therefore protection to biota or 
camouflage for ambush and predation or it could aid in the colours critical for mating 
or revealing important colour for flowers to attract pollinators and seed dispersers or 
it could be part of camouflage to protect plants from herbivores etc.  Endler 
illustrates the effect of those different environments shown above, on three standard 
surfaces as indicated in Figure 1.3. 
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Figure 1.3  Three different surfaces are exposed in each of the ambient 
environments.  Surface patch A is high chroma, surface patch C has very low 
chroma and surface patch B is in between A and C.  The spectral characteristics of 
the light reflected from each surface in each environment were measured and is as 
shown. 
Surface C reflects light with very similar characteristics to the ambient environment 
whereas the high chroma surface A reflected light has very similar spectral 
characteristics regardless of the ambient light and surface B is somewhere in 
between the two. The Y-axis is, radiance or emission from the patch surface (q) 
which is a function of the irradiance at any one wavelength (Q) and the reflectance 
characteristic (R) of the particular surface at that wavelength, that is q = R x Q 
(Endler, 1997, p340.), and therefore the units are also in μmol m-2 s-1nm-1. 
Therefore, if the incident light spectral characteristics change such as under artificial 
lighting, it may mean that flowers become less attractive to pollinators or more 
noticeable to herbivores or that previous camouflage of various biota no longer 
works and therefore become more readily subject to predation or that mating 
displays are no longer sufficiently attractive even at moonlight or starlight levels of 
influence. 
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1.4 Biota of the natural world 
The origin of the system for classifying the living natural world (biota) is credited to 
Linnaeus, eighteenth century.  The system was based on physical attributes with 
three Kingdoms, viz, mineral, vegetable and animal 
(http://en.wikipedia.org/wiki/Biological_classification).  The current system using molecular 
phylogenics (DNA sequences and cell structure) has three Super Kingdoms; 
Archaea, Bacteria, and Eukarya (refer Figure 1.4), and five Kingdoms; Monera 
(bacteria) which are prokaryotic cells, Protista which are eukaryotic organisms, 
Mycota (or fungi), that is, saprophytic or parasitic eukaryotic organisms, Plantae, 
and Animalia. 
Essentially the living natural world consists of single cell and multi-cell organisms 
differentiated primarily by the presence or absence of a nucleus within the cell. 
Organisms that have a nucleus and other structures such as organelles, 
mitochondria, chloroplasts etc. enclosed within membranes are eukaryotes.  Many 
unicellular organisms are eukaryotes, such as protozoa, however, all multicellular 
organisms are eukaryotes.  Eukaryotes, whilst large in size physically (plants, 
animals and fungi), represent a minority in biomass of all living organisms on Earth 
(White, 2003, p16). 
Organisms that do not have a nucleus are prokaryotes.  Prokaryotes are single 
celled organisms.  There are approximately 5×1030 bacteria on Earth, forming a 
biomass which exceeds that of all plants and animals.  Bacteria inhabit soil, water, 
acidic hot springs, radioactive waste, and the deep portions of Earth's crust.  
Bacteria also live in symbiotic and parasitic relationships with plants and animals.  
Bacteria are vital in recycling nutrients, with many of the stages in nutrient cycles 
dependent on these organisms, such as the fixation of nitrogen from the 
atmosphere and putrefaction. In the biological communities surrounding 
hydrothermal vents and cold seeps, bacteria provide the nutrients needed to sustain 
life by converting dissolved compounds such as hydrogen sulphide and methane to 
energy (http://en.wikipedia.org/wiki/Bacteria, 10th May 2014).  More abundant than bacteria 
are viruses.  Viruses consist of DNA or RNA in a protein cover and are not 
technically alive as they cannot metabolize or reproduce themselves but must 
invade a host and hijack the host’s reproductive system and the host cell eventually 
explodes.  Viruses cause up to 50 percent mortality in bacteria.  Viruses and 
bacteria are an essential part of the microbial loop between phytoplankton, bacteria, 
protozoa, viruses, particulate organic matter and dissolved organic matter (White, 
2003, p12) refer Figure 1.4. 
 
Unwanted lighting effects at night in Australia 
39 
Archaea and bacteria are similar in size and shape. Despite the visual similarity to 
bacteria, archaea possess genes and several metabolic pathways that are more 
closely related to those of eukaryotes, notably the enzymes involved in transcription 
and translation. Other aspects of archaeal biochemistry are unique, such as their 
reliance on ether lipids in their cell membranes.  Archaea use more energy sources 
than eukaryotes ranging from organic compounds such as sugars, to ammonia, 
metal ions or even hydrogen gas.  Archaea reproduce asexually by binary fission, 
fragmentation, or budding; unlike bacteria and eukaryotes, no species form spores.  
Archaea have been found in a broad range of habitats, including soils, oceans, 
marshlands and the human colon and navel and also in extreme environments.  
Archaea are particularly numerous in the oceans, and the archaea in plankton may 
be one of the most abundant groups of organisms on the planet. Archaea are a 
major part of Earth's life and have a role in both the carbon cycle and the nitrogen 
cycle. 
All living organisms require energy; some convert various minerals and chemicals 
into energy, although most organisms obtain energy from the sun 
(photoautotrophs). 
Energy received from the sun may be changing with the depletion of the ozone 
layer, which will increase the ultra-violet radiation component.  This is of particular 
concern in the UV-B range as UV-B can be particularly destructive to DNA and 
other cellular structures.  Whilst it is noted that there is insufficient data to indicate 
with accuracy what future changes might be other than predictions based on 
laboratory research, interestingly, Björn and McKenzie (2008, p520) indicate that:   
“Nowadays most researchers in the field are of the opinion that the important effects 
of UV-B change resulting from change in the ozone layer and cloudiness will not be 
these effects”, that is, destructive, “but modulations in the way organisms influence 
one another”. 
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Figure 1.4  The Wheel of Life (White, 2003, p16), shows by proportion, similar to a 
pie chart, the abundance of biota on Earth based on cell structure. 
  “The Prokaryotes, out of sight and largely out of mind, are represented here as 
comprising 60 per cent of all living matter on Earth”.  
1. The first bacterial merger: A ‘thermoplasma’ (a prokaryotic Archaean) takes in a 
spirochaete to form a nucleus and thus becomes a Eukaryote.   
2. A eukaryote that already had a nucleus took in as endosymbionts alpha-proteobacteria 
that were proficient at respiration – thereby acquiring mitochondria.   
3. A eukaryote that already had a nucleus and mitochondria took in cyanobacteria as 
endosymbionts – and acquired chloroplasts.) 
However, some cell constituents that are normally not toxic can be converted into a 
toxin by the action of light.  Those toxins affect bacteria, fungi, nematodes, insects 
and other organisms (Björn and Huovinen, 2008, p482).  Hogweed, if it touches human 
skin and that area is subsequently exposed to sunlight results in severe blisters on 
the skin.  Photo toxins tend to be activated by UV-A and some by UV-B. 
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 Behaviour classification according to peak activity period and available 
radiant energy 
Species behaviour can be described as diurnal which means behaviour peaks 
during daylight hours and nocturnal refers to behaviour that peaks during the 
apparently dark hours of night.  Crepuscular refers to behaviour activity that peaks 
during "twilight", however, crepuscular animals may also be active on a bright 
moonlit night or on a dull day. Some animals that are casually described as 
nocturnal may actually be crepuscular. (http://en.wikipedia.org/wiki/Crepuscular).  Species 
that show crepuscular behaviour but are only active after sunset (dusk) are 
classified as vespertine and species that show crepuscular behaviour but are only 
active prior to dawn are classified as mutational.  Species that are active in the 
periods both just after dusk and just prior to dawn have a bimodal activity pattern. 
 Seeing 
1.4.2.1 Principles of the visual process 
The sense of seeing involves a number of processes.  The first is the conversion of 
the photon energy of light into a chemical process, followed by molecular change 
causing nerve excitation, and then a processing of nerve signals by the visual 
system.  With the first part of the process a cone receptor does not necessarily 
respond to a wavelength of radiation per se, but fires in response to a quantum of 
photons received.  That is, the Principle of Univariance: ‘The output of a receptor 
depends upon its quantum catch, but not upon what quanta are caught’ (Rushton, 
1972).  The quantum of photons may be associated with any or all wavelengths in 
the range to which that cone is sensitive.  Photons associated with a particular 
wavelength may elicit a response from multiple different type cone receptors at any 
one time where the range of wavelength sensitivity of the different cone receptors 
overlap; “… colour, like brightness, is only a comparative measure, a balance of 
paired inputs from different kinds of cone in different localities fluctuating with eye 
tremor …”  
Simultaneous and successive contrast “…are closely bound with continual eye 
trembling which is a feature of vision so important that when it is stopped … all color 
and most detail fades away in a matter of seconds”. (Rushton, 1972, p28). 
 
 
 
Chapter 1  Light and life: life on Earth and some characteristics of natural radiation 
42 
 
 
Figure 1.5  Schematic of photoreceptor retinal circuitry and also of integrated signals 
leaving the retina. 
(ipRGC) intrinsically photosensitive retinal ganglion cells, (CBC) cone bipolar cells, 
(RBC) rod bipolar cells, (All) amacrine cells, (R) rod opsin, (MC) M cone opsin, (LC) L 
cone opsin, (SC) S cone opsin, (M) melanopsin (Lucas et al, 2014, p3). 
Whilst for decades the theory of seeing was associated only with retinal irradiance 
rod and cone receptors and opsin, it has more recently been shown that intrinsically 
photosensitive retinal ganglion cells (ipRGC) contain melanopsin which has 
maximum sensitivity in the blue part of the spectrum at 480nm.  Intrinsically 
photosensitive retinal ganglion cells are located in the lower section of the retina 
and estimated to be between 1 and 5 percent of all ganglion cells in the eye (Lucas et 
al, 2014, p2). 
Intrinsically photosensitive retinal ganglion cells are non-image forming; however, 
ipRGC’s impact the pupillary light response reflex.  Whilst it is acknowledged that 
the signal sent to the brain is an integrated signal from the 5 receptors (rod, long, 
medium and short cones, and melanopsin refer Figure 1.5) an agreed single 
spectrally weighted Vλ curve has yet to be developed. 
1.4.2.2 Electroretinography (ERG) 
Electroretinography, for the purpose of this thesis, is a test of the photoreceptors 
and ganglion cells in the eye and involves measuring the electrical signals from the 
retina in response to specific external electromagnetic radiation stimuli under 
controlled conditions (http://www.medicinenet.com).  Specific photoreceptors are targeted 
and the magnitude of response and the range of wavelengths over which a 
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response is recorded provide response curves typical of that indicated in Figure 
1.16. 
1.4.2.3 Sensitivity to UVB/UVA spectral range 
The CIE classification of ultra violet radiation in the range 400 - 315 nm is 
designated UVA with radiation in the range 315 - 280 nm designated UVB.  Some 
species are sensitive to electromagnetic radiation in the UV range, particularly UVA. 
Animals, particularly nocturnal ones, are believed to have a peak response closer to 
the blue end of the visible spectrum at approximately 496nm (Baker and Richardson 
2006, p1529, Barber-Meyer 2007, p174, Winter and Lopez et al 2003, p613) as they see in the 
blue and further in the ultra-violet range than humans.  Some fish seem to operate 
in this range as well (Herring, Campbell et al, 1990, p175, Chidami and Guenard et al 2007, p372) 
although that differs depending on whether it is fresh water, coastal or deep sea 
water and the presence of chlorophyll, gelbstoff and particulate matter. 
1.4.2.4 Vision in the near infrared spectral range 
Some animals, such as reptiles see in the near infra-red (Wolpert 2002, no page numbers, 
http://spie.org/x25379.xml). 
Table 1.1  Infra-red bands (ISO 20473) 
Designation Abbreviation Wavelength 
Near Infrared NIR 780nm–3µm 
Mid Infrared MIR 3–50µm 
Far Infrared FIR 50–1000µm 
ISO 20473 classifies infrared radiation into three broad bands as indicated in Table 
1.1 with near infrared (NIR) being the range utilised by some wildlife 
(http://en.wikipedia.org/wiki/Infrared).  There are recent indications that under certain 
conditions the human visual system can perceive NIR in the 1000 to 1100nm region 
(Palczewskaa et al, 2014, http://www.pnas.org/content/early/2014/11/25/1410162111). 
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1.4.2.5 Perception and polarization 
Humans cannot directly distinguish 
polarized light from non-polarized light 
and can only appreciate some of the 
effects via the use of accessories such 
as filters, however, according to Björn 
(Björn, 2008, p9), insects do perceive 
polarized light and also plants react to 
polarized light as chloroplast 
orientation is changed accordingly in 
seed plants, mosses, green algae and 
fern gametophytes. 
Light waves are transverse oscillations 
(i.e. variation in electric and magnetic 
fields) to the direction of wave 
propagation 
(http://en.wikipedia.org/wiki/Polarization_(waves)).  A beam of light is plane polarized when 
the electric fields of all the components are parallel.  Light can be plane polarized 
and circularly polarized (refer Figure 1.6).  Circular polarization means that light 
spirals along the direction of travel and it can be left-handed or right-handed circular 
polarization. 
 
Figure 1.6  Polarized light: plane, circular 
and elliptical polarized light. 
Light is travelling in a direction towards the 
top of the page.  (Adapted from 
http://hyperphysics.phy-
astr.gsu.edu/hbase/phyopt/polclas.html) 
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According to Björn “Natural light, such as direct sunlight, is often almost 
unpolarised, ie., a random mixture of all possible polarizations.  After reflection in a 
water surface the light becomes partially plane-polarized.  Skylight is a mixture of 
circularly and plane-polarized light, which we call elliptically polarized light.” (Björn, 
2008, p8).  However, the pattern of polarisation of the sky due to sunlight and 
moonlight is important, refer to section 1.6.1.5 and 2.5.2. 
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1.4.2.6 Light dependent magnetic compass 
Various biota use what is hypothesised to be light dependent compass mechanisms 
to navigate travel during their life 
cycles.  Migrant birds, bullfrogs and 
also newts are among examples 
provided (Muheim, 2008, p465) albeit 
potentially slightly different in each 
case.  It may also be a factor for 
marine turtles (refer section 
1.5.1.5).  In migratory birds the light 
dependent magnetic compass 
mechanism principles are currently 
as indicated in Figure 1.7 although 
there seems to be some challenge 
to this (Wiltschko and Wiltschko, 2001, 
pp3295-3302): further research is 
required.  Refer also to Figure 
1.25. 
 
1.4.2.7 Biological functions and response to light 
There is increasing evidence that light affects a number of biological processes; “… 
suppresses pineal melatonin production, increases heart rate and core body 
temperature, stimulates cortisol production, and acts as a neurophysiological 
stimulant (increasing subjective and objective measures of alertness and 
psychomotor reaction, and reducing lapses of attention)”, (Lucas et al, 2014, p1). 
Circadian rhythms are a feature of most physiological, metabolic and behavioural 
systems which means that they can all be influenced by phase resetting of circadian 
clocks (Beier, 2006, pp23-24, Cajochen,2014, no page numbers, Fonken, 2014, no page numbers, 
Lucas et al, 2014, p1).  Figure 1.8 indicates the range of illuminances and duration of 
exposure that may affect the circadian clock of an individual depending on 
circumstances. 
Figure 1.7  Model of antagonistic interaction 
between shortwave (blue) and long wave 
(red) receptor input resulting in a 90o shift in 
the axis of magnetic orientation. 
 
Unwanted lighting effects at night in Australia 
47 
 
Whilst there are suggestions that sensitivity to light at night (LAN) affecting circadian 
rhythms may be as low as 0.5 lux based on controlled laboratory experiments (Blask 
et al, 2009, p351, and Clark, 2009, p29) it may not be that simple.  Similar to the image 
forming visual system where prior exposure to light determines the adaptation level 
and hence sensitivity to light there are suggestions that sensitivity to LAN is 
modified by the prior exposure to light during the day “… sensitivity of the circadian 
system to LAN appears to be decreased if exposed to high levels of entraining 
during the day.”  (U.S. Department of Energy, 2010, p2, and Blask et al 2012, p4). 
Light may also be a factor in quiescence and diapause for some biota (Saunders, 
2008, p391). 
  
 
Figure 1.8  Biological clock reaction zone, small light grey rectangle, 
compared to visual range response zone, large dark grey rectangle, 
(Beier, 2006, p24). 
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1.5 Light and aquatic biota 
A typical marine tree of life is shown in Figure 1.9 and detail of marine life at a 
typical rocky inter-tidal zone is indicated in Figure 1.10. 
In addition to information noted in section 1.5 above, aquatic environments tend to 
be exposed to pollution from Polycyclic Aromatic Hydrocarbons (PAH) that are 
present in a number of substances including coal and petroleum products (Björn and 
Huovinen, 2008, p489).  PAHs accumulate in sediments and organic particles: 
 When disturbed (storms, dredging etc.) these sediments may result in re-
suspension in water and increased risk of photo toxicity, 
 Bioaccumulation from contaminated sediments via the food chain whereby 
an organism higher in the food chain has ingested various organisms from 
lower in the food chain that contained the potential photo toxic molecules.  
Once the larger animal is exposed to light the molecules become toxic and 
affect that animal. 
 
Figure 1.9  A typical tree of marine life (Thurman, H. V., Trujillo, A. P., 2004, p610) 
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Photo toxins affect bacteria, phytoplankton, aquatic plants, zooplankton, benthic 
invertebrates, insect larvae, early life stages of amphibians, bivalves and fish.  
Affects include acute lethality to chronic effects such as reproductive impairment. 
 Fauna 
Fauna is all animal life in a given habitat at a given time (A Dictionary of Biology, p228).  
Aquatic fauna is all of the animal life present in aquatic habitats.  Subdivisions of 
fauna relevant to aquatic habitats (http://en.wikipedia.org/wiki/Fauna) are defined in 
Appendix C. 
Aquatic fauna are subject to various cycles; annual cycles, tidal /moon cycles and 
diurnal cycles which involve changes in temperature and changes in ambient light 
(Baker and Mann, 1998, p1082, Blaxter and Batty, pp213-214). 
In addition, with the change in ozone layer, the euphotic zone of aquatic 
environments is where increased UV-B may have the greatest potential effect.  
Whilst UV-B can be destructive to cells in a laboratory situation an increase in UV-B 
may not result in a decline in photoplankton in nature, but possibly an increase due 
to the predation on photoplankton becoming less as the number of predators is 
reduced.  Also, another possibility is a rise in the concentration of bacteria because 
 
Figure 1.10  A typical rocky tidal zone (Thurman, H. V., Trujillo, A. P., 2004, p460) 
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the available nutrients increase as a result of extra decomposed dissolved organic 
material created by the higher level of UV-B, (Björn and McKenzie, 2008, p522). 
1.5.1.1 Zooplankton 
Zooplankton, the animal part of plankton; spans a range of organism sizes including 
small protozoans (single celled organisms) and large metazoans (multi-celled 
organisms). It includes holoplanktonic organisms, that are organisms whose 
complete life cycle lies passively within the water column (plankton), as well as 
meroplanktonic organisms that spend part of their lives in the plankton before 
graduating to either a nekton or a sessile, benthic existence.  Zooplankton typically 
feed on phytoplankton. 
Nekton refers to the aggregate of actively swimming aquatic organisms in a body of 
water (usually oceans or lakes) able to move independently of water currents.  
Sessile animals are usually permanently attached to a solid substrate of some kind, 
such as a part of a plant, a dead tree trunk, or a rock. Barnacles attach themselves 
to the hull of a ship, however, corals lay down their own substrate.  Benthic 
organisms live on, in, or near the seabed, in or near marine sedimentary 
environments, from tidal pools along the foreshore, out to the continental shelf, and 
then down to the abyssal depths. 
1.5.1.2 Fish 
The aquatic environment in which fish live filters incident downwelling 
electromagnetic radiation and this determines the spectrum of electromagnetic 
energy available for the visual processes in fish.  The available electromagnetic 
radiation is determined by the spectral absorption of H2O in the water column, the 
presence of chemical salts and natural substances such as tannin as well as 
sediment and organic matter in suspension due to water turbidity. Both the longer 
wavelengths and UV radiation are absorbed quite quickly by water reducing the 
available radiation spectrum with depth of the water column (Helfman et al, p75, 85) – 
refer Figure 1.21 fish habitats. 
Marine pelagic fish range from small coastal forage fish such as herring and sardine 
to large predator oceanic fish such as shark and tuna. 
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Most fish belong to the infraclass Teleostei and of the 20,000 species many can 
detect colour (http://www.earthlife.net/fish/sight.html).  Shallow water species are adapted 
to a maximum sensitivity of light around 500 nanometres, whereas those species 
that live in deeper waters are adapted to 475-480 nanometres, refer Figure 1.11.  It 
is suggested that at 1.0 metre depth 25 percent of downwelling radiation in the red 
part of the spectrum is absorbed and that colour is no longer discernible where the 
water depth exceeds 100 metres (http://www.earthlife.net/fish/sight.html). 
The sensitivity of vision of some fish change as they change environments, for 
instance eels that migrate from lagoons to the deep sea change their spectral 
sensitivity from green to blue light (Archer et al , 2001, p189).  Hart et al (Hart et al, 2011, 
p193) used single-receptor microspectrophotometry to test the absorbance spectra 
of visual pigments located in the retinal photoreceptors of 17 species of shark.  
Although there was variation between species each shark had only a single long-
wavelength-sensitive cone type and it was therefore suggested that sharks may be 
cone monochromats, hence potentially colour blind. The shark retinas contained 
mostly rods (wavelength of maximum absorbance λmax 484–518 nm) and one cone 
type (λmax 532–561 nm) the peak spectral sensitivities varied between species. 
 
Figure 1.11  General shift in sensitivity to wavelength ranges depends on fish 
habitat. 
The bar represents the shift in available radiant energy in the different fish 
habitats.  (http://www.life.umd.edu/faculty/wilkinson/bsci338/ACL9_ltreception.pdf). 
 
Chapter 1  Light and life: life on Earth and some characteristics of natural radiation 
52 
 
Figure 1.12  Vertical migration of adult herring in the North Sea. 
5 lux solid dots, 10 lux clear dots (adopted from Blaxter and Batty, 
p214-215). 
Freshwater pelagic fish such as trout (Onkorhynchus mykiss) have three sensitivity 
peaks, peaks at, 455, 530 and 625 nanometres (http://www.earthlife.net/fish/sight.html). In 
shallow water UV radiation may have a role in fish mate choice and it may also be 
related to foraging and other communication behaviours. Ultraviolet vision may only 
be used during part of the life cycle of a fish for example juvenile brown trout live in 
shallow water where they use ultraviolet vision to enhance their ability to detect 
zooplankton. As they mature they move to deeper waters where there is little 
ultraviolet light.  Whitmore et al reported that rudd fish, a pelagic freshwater fish 
(Scardinius erythrophthalmus), had sensitivity to wavelengths peaking in the UV, 
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violet, green and red regions and that the relative sensitivity changed in response to 
seasonal change in daylight length (also Archer et al, 2001, p119). 
Sensation of near infrared light was reported in the common carp and in three 
cichlid species.  Fish use NIR to capture prey and for phototactic swimming 
orientation.  NIR sensation in fish may be relevant under poor lighting conditions 
during twilight and in turbid surface waters, (http://en.wikipedia.org/wiki/Infrared). 
Adult herring diel vertical migration to the sea surface at dusk and to the sea bed at 
dawn suggests they respond to ambient light conditions, however, this may also be 
linked to schooling and filter feeding.  Whilst “herring retain a substantial repertoire 
of behaviour by night despite a general tendency to reduce activity.  Thus energy is 
conserved in the dark, the herring becoming appropriately re-activated to filter-feed 
or evade predation if required.”  (Blaxter and Batty, p213). Refer to Figure 1.12.
 
Figure 1.13  A summary of crepuscular behaviour patterns by a range of marine fish. 
The solid circles mark the emergence and cover-seeking behaviours of different 
species in relation to ambient light, the arrows show the time for peak activity of 
crepuscular predators.  (Potts, p226). 
 “… at dusk a change-over period occurs when diurnal species seek shelter and 
nocturnal species merge to night-time feeding areas.  The reverse occurs in the 
dawn twilight period.  These crepuscular activities often involve vertical and 
horizontal migrations over considerable distances and are controlled by ambient 
light levels.  There is a sequence of cover-seeking and emergence which appears to 
be related to the relative vulnerability of species still active during this time when 
many predators are foraging.”  (Potts, 2009, p221).  Refer Figure 1.13. 
 
Chapter 1  Light and life: life on Earth and some characteristics of natural radiation 
54 
Further, according to Phillips, Deutschlander, et al, fish possess light dependent 
magnetic compass mechanisms (Phillips, J. B., Deutschlander, M. E., Freake, M. J., Borland, 
2001, p2543). 
1.5.1.3 Amphibians 
A study of the eastern red-spotted newt indicates that it possess photoreception 
mechanisms that show an antagonistic interaction between short-wavelength 
(≤450nm) and long-wavelength (≥500nm) , that is, a light-dependent magnetic 
compass.  (Phillips, J. B., Deutschlander, M. E., Freake, M. J., Borland, 2001, p2543). 
1.5.1.4 Frogs 
The ability of the frog to detect movement of potential prey is not affected if lighting 
changes (Lettvin, Maturana, McCulloch and Pitts, 1959, p1951).  Frogs possess both rods 
and cones although frogs find it hard to see red light but respond to yellow light.  
Frogs have good night vision with a mirror layer in the back of the eye providing 
significant advantage over prey.  Different species have different sensitivity to light 
depending on their habitat and habits (http://www.thefrog.org/biology/vision/vision.htm). 
1.5.1.5 Reptiles 
Marine turtles have been the subject of investigation over a number of decades.  
Marine turtle hatchlings rely almost exclusively on vision to recognise the sea and 
“… both shape cues and brightness cues are important for correct seaward 
orientation in a variably lighted world.” Hatchlings typically orient “… in the brightest 
direction as it would be measured with a wide acceptance cone, approximately 180o 
horizontally.”- (Refer to Figure 1.14.)  The vertical component “… was approximated 
to be “a few degrees” for green turtles and olive ridleys” and up to “30o above the 
horizontal for loggerheads” therefore “light closest to the horizon plays the greatest 
role in determining orientation direction.” (Witherington and Martin 1996, p9) 
Also, Wyneken, et al, (Wyneken, et al,1990, pp45-46) indicate that once hatchling marine 
turtles enter the water they depend more on wave direction and then a light-
dependent magnetic compass for orientation.  Experiments by Lohmann et al 
suggest that marine turtles may use a number of navigation clues and markers once 
in the water including magnetic compass orientation (Lohmann, Lohmann, 1993, pp148-
151, Lohmann, et al 2008, pp1719-1728,  Lohmann, K. J., Luschi, et al 2008, pp83-95).  
Witherington and Martin (1996, p7) indicate the ERG responses of 4 endangered 
adult marine turtle species (Figure 1.15) noting the strong aversion of Loggerhead 
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turtles at the 600nm point compared to the other three species (refer also 
Witherington & Björndal 1991, pp139-149). 
 
 
Midolo (2011, p 40) proposes a response curve V(λ) for green marine turtle (Chenolia) 
which is a simple summation of the response curves for the different cone types 
found in the structure of the eyes.  The proposed curve is shown in red in Figure 
1.16. 
 
(a) 
 
(b) 
Figure 1.14  Marine turtle hatchling movement from the nest. 
(a) Portion that involves visual cues 
((http://www.unc.edu/depts/oceanweb/turtles/offshr.html), 
(b) Field of view for marine turtles (Witherington & Martin, 1996, p10). 
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Figure 1.16  Suggested V(λ) curve (red) for green marine turtle (Chenolia) – 
Midolo 2011, p40). 
Figure 1.15  Behavioural responses of marine turtles to electromagnetic 
radiation plotted against wavelength.  Witherington and Martin, 1996 (p 7). 
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1.5.1.6 Mammals 
Generally it is indicated that aquatic mammals such as whales and seals are 
monochromats with only L-cones with a peak in the green part of the spectrum “and 
are essentially colour blind”.  These mammals have rods that also have sensitivity in 
the green part of the spectrum.  (Peich, Behrmann, Kröger, 2001, pp80-83).  Figure 1.16 
indicates the spectral sensitivity of various cone types in the green marine turtle 
which illustrates that a particular cone type has a sensitivity to a range of spectra. 
The L-cones in whales and seals have an extended range of sensitivity into the blue 
part of the spectrum.  This also applies to the common dolphin, bottle nose 
dolphins, risso’s dolphin and the harbour porpoise tested by Peich, Behrmann, and 
Kröger.  Peich, Behrmann, and Kröger also suggest that rod dominance, and 
reflective tapeta along with rapid dark adaption indicate that these mammals use 
vision at low light levels when diving or at night. 
Mammals that frequent shallow aquatic environments tend to have both L-cones 
and S-cones and therefore have colour vision.  Manatees discriminate blue from 
green. 
Mammals that frequent aquatic environments but also spend time on land have both 
L-cones and S-cones and therefore have colour vision.  This includes the pygmy 
hippopotamus and European otter (Peich, Behrmann, Kröger, 2001, pp77-78). 
 Flora 
“Plants possess several types of photoreceptors that collectively allow them to 
detect variation in a number of different light parameters including its spectral 
composition, irradiance, direction and daily duration.” (Weller and Kendrick, 2004, p417). 
1.5.2.1 Photosynthesis 
“Photosynthesis gives life to the Biosphere” (White, 2003, p32).  The majority of plants 
(80 percent) use a process that involves phosphoglyceric acid which is catalysed by 
the enzyme rubisco in an extremely inefficient process more suited to a CO2 rich 
environment rather than our current O2 rich environment (White, 2003, p34). 
A further ten percent of plants have adapted to high temperature and arid conditions 
using crassulacean acid metabolism (CAM).  This group of plants has fleshy 
assimilatory organs, modified leaves or modified stems.  These plants reverse the 
diurnal rhythm of CO2 assimilation by providing gas exchange at night with 
photosynthesis organs taking up CO2 and losing water during the cool and humid 
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night-time.  During the day the stomata close to conserve water.  This group 
includes aquatic and semi-aquatic submerged aquatic macrophytes in tidal 
environments and environments that suffer seasonal variations in water depth.  
Some plants in this group are able to switch from day to night routines as required 
to survive. 
1.5.2.2 Phytoplankton 
Phytoplankton is composed of 
both eukaryotic and prokaryotic 
organisms (Vaulot, 2001, p1) that 
colonize the upper part of the 
water column, now known as the 
microbial loop, Figure 1.17, 
where light penetrates, Figures 
1.18 and 1.19. 
Phytoplankton or microalgae 
form the base of the food web 
upon which nearly all other 
marine organisms depend.  
Phytoplankton are 
photosynthesizing 
microscopic organisms that 
are agents for "primary 
production", that is, the 
creation of organic 
compounds from carbon 
dioxide dissolved in the 
water, a process that 
sustains the aquatic food 
web. 
(http://en.wikipedia.org/wiki/Phytoplankton) 
“The photic zone is the illuminated surface layer of the oceans wherein the 
absorption of heat energy by water and light energy by phytoplankton helps to 
regulate many aspects of the global environment.”  (Tett, 2009, p59).  The euphotic 
zone is the depth reached by 1% of the surface irradiance and ranges from a few 
metres in coastal and estuarine waters to one hundred metres in the eastern 
Mediterranean Sea or the Pacific gyre.  Some species of pico-phytoplankton 
             
Figure 1.18  Schematic of factors that influence 
the vertical distribution of phytoplankton in the 
open ocean (Vaulot, 2001, p4). 
Figure 1.17  The microbial loop (White, 2003, p12) 
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photosynthesize at much lower levels, levels down to 0.1% of surface irradiance 
(Vaulot 2001, p4).  Also referred to as the critical depth or compensation depth, it is the 
depth at which the products of photosynthesis of the phytoplankton are consumed 
by the respiration process of the phytoplankton.  The compensation point for light 
intensity varies according to the type of plant, but it is typically 40 to 60 W/m2 for 
sunlight (http://www.tomatosphere.org/teacher-resources/teachers-guide/grades-8-10/plants-and-
light.cfm). 
Other factors that affect the presence of phytoplankton are the amount of organic 
matter and nutrients in the water column, particularly in coastal areas, and also the 
mixing and stratification of the ocean as indicated in Figure 1.19 and distribution as 
shown in Figure 1.20. 
 
Phytoplankton accounts for half of all photosynthetic activity on Earth.  Thus phytoplankton 
is responsible for much of the oxygen present in the Earth's atmosphere.  Their cumulative 
energy fixation in carbon compounds is the basis for the vast majority of oceanic and also 
many freshwater food webs. (http://en.wikipedia.org/wiki/Phytoplankton). 
 
 
 
Figure 1.19  The transmission of the visible spectrum in seawater 
(Thurman and Trujillo, 2004, p400). 
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Figure 1.20  Phytoplankton distribution and concentration as seen from satellites (Vaulot, 
2001, p2). 
 Algae 
Algae are a very large and diverse group of eukaryotic organisms, ranging from 
unicellular genera such as Chlorella and the diatoms to multicellular forms such as 
the giant kelp, a large brown alga that may grow up to 50 meters in length. Most are 
autotrophic and lack many of the distinct cell and tissue types found in land plants 
such as stomata, xylem and phloem.  
Experiments (Hölker et al, 2014, p21) using LED in a laboratory (spectrum not recorded) 
determined that aquatic biota required the minimum illuminances shown in Table 
1.2 for photosynthesis to occur. 
Table 1.2  Minimum illuminance for photosynthesis for some aquatic biota. 
Aquatic Biota Illuminance (lux) 
Micro algae 30.0 
Photo sensitive cyanobacteria 6.6 
Photolithotrophs 0.5 
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Light is a zeitgeber:  Cyanobacteria are controlled by a circadian clock, a simple 
proteinaceaous clock (Johnsson and Engelmann, 2008, p330).  The same paper indicates 
dinoflagellate are also subject to a circadian clock. 
Most algae are safe and are a 
natural part of aquatic 
ecosystems (Figure 1.21). 
However, some algae can 
produce toxins that can be 
damaging to humans, domestic 
animals and livestock that drink 
or come in contact with the 
water, as well as to organisms 
living in water. These algae can 
be found in freshwater as well 
as brackish and marine 
waters 
(http://www.water.nsw.gov.au/Water-Management/Water-quality/Algal-information/What-causes-algal-
blooms/What-causes-algal-blooms/default.aspx). 
 Bacteria 
Refer also to section 1.6.  In the Southern ocean between the polar front and 
Antarctica, a litre of seawater contains 10 billion viruses and 1 billion bacteria (White, 
2003, p12). 
 Archaea 
The Archaea are a super kingdom of single-celled microorganisms.  Archaea and 
bacteria are similar in size and shape, although a few archaea have very strange 
shapes, such as flat and square-shaped cells. Despite the visual similarity to 
bacteria, archaea possess genes and several metabolic pathways that are more 
closely related to those of eukaryotes, notably the enzymes involved in transcription 
and translation. Other aspects of archaeal biochemistry are unique, such as their 
reliance on ether lipids in their cell membranes. 
Figure 1.21 Absorption cross-section and water type.  
Mean in vivo absorption cross-section spectrum for 14 
species of eukaryote algae in culture. 
The arrows indicate the wavelengths of maximum 
transparency of various types of oceanic and coastal 
seawater (Tett, p79).  Striven is Loch Striven in the United 
Kingdom. 
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Archaea use more energy sources than eukaryotes: ranging from organic 
compounds such as sugars, to ammonia, metal ions or even hydrogen gas. Salt-
tolerant archaea (the Haloarchaea) use sunlight as an energy source, and other 
species of archaea fix carbon; however, unlike plants and cyanobacteria, no species 
of archaea does both. Archaea reproduce asexually by binary fission, 
fragmentation, or budding; unlike bacteria and eukaryotes, no species form spores. 
Archaea were initially viewed as extremophiles living in harsh environments, such 
as hot springs and salt lakes, but they have since been found in a broad range of 
habitats, including soils, oceans, marshlands and the human colon and navel.  
Archaea are particularly numerous in the oceans, and the archaea in plankton may 
be one of the most abundant groups of organisms on the planet. Archaea are a 
major part of Earth's life and may play roles in both the carbon cycle and the 
nitrogen cycle. 
1.6 Light and terrestrial biota 
Light is a zeitgeber, which is an environmental cue that entrains, or synchronizes, 
an organism's biological rhythms to the Earth's 24-hour light/dark cycle and 12 
month cycle (http://en.wikipedia.org/wiki/Zeitgeber), refer also section 1.5.3. 
Terrestrial biota is subject to various cycles; annual cycles, and diurnal cycles, day-
length and night-length changes which involve changes in temperature and changes 
in ambient light. 
Terrestrial biota may also be affected by the depletion of the ozone layer with an 
increase in UV-B.  Despite the previously noted destructive effects of UV-B on DNA 
and other cellular structures, Björn and McKenzie (Björn and McKenzie, 2008, p523) 
indicate that “In most cases there is little or no direct inhibition of photosynthesis 
and biomass production by plants.  The important effects instead arise in the 
interaction between organisms”.  Whilst an increase in UV-B may reduce herbivory, 
in some instances it may increase herbivory.  In addition some insects are more 
sensitive to UV-B and the overall effect will be an interaction of different organisms 
in the food web.  It is also indicated that there is no evidence that an increase in UV-
B will either increase or decrease crop disease. 
 Fauna 
Terrestrial fauna is all of the animal life present in habitats other than aquatic 
habitats 
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1.6.1.1 Frogs 
Terrestrial frog species live on the ground, often under plants, logs, or other cover. 
Many species burrow in loose soil.  Arboreal frog species live in trees or bushes or 
on buildings, and have somewhat enlarged, sticky toe pads.  The comments relating 
to terrestrial based frogs are similar to 1.5.1.4. except the aquatic species have a 
nictitating membrane or third eyelid for protection whilst under water.  Toads have a 
greater diversity of food than frogs and their vision system is slightly different 
accordingly (Olmstead, 2000, 
http://www.neurocomputing.org/amphibian_neurobiology/Frog_Retina/body_frog_retina). 
1.6.1.2 Reptiles 
The pit viper has a pair of infrared sensory 
pits on its head.  Figure 1.22 indicating an 
image as it might appear to a pit viper 
although it is unlikely to have the same colour 
definition as this infra-red scan.  Other 
organisms that have thermo-receptive organs are 
pythons (family Pythonidae) and some boas 
(family Boidae). 
Figure 1.22  A mouse as detected with near infra-red. 
(http://www.sciencenews.org/view/access/id/57261/description/Ssssseems_delicious) 
1.6.1.3 Birds 
Birds are tetrachromats which includes the UV range of wavelengths with some 
birds such as pigeons being pentachromats.  In bird visual systems bird cones 
contain a coloured oil droplet in the first inner segment before the visual pigment.  
The oil droplet acts 
as a filter for 
electromagnetic 
radiation altering the 
characteristics of the 
electromagnetic 
radiation before it 
interacts with the 
Type Appearance Cut-off wavelength 
(nm) 
R Red 477 
O Orange 425-477 
Y Yellow 435-455 
P Pale 375-455 
C Colourless (or pale yellow) 375-405 
T Transparent none 
 
Table 1.3  Classification of avian cone oil droplets. 
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visual pigment (Varela et al, p77).  There are a number of different avian cone oil 
droplet types, each type filters different wavelengths (refer Table 1.3).  The 
combination of up to 6 different types of oil droplet filter that may be associated with 
any one cone colour pigment in avian cone arrangements provides for a large 
diversity of colour discrimination. 
Birds are sensitive to UV 
electromagnetic radiation as 
indicated in Table 1.3, Figure 
1.23 and Figure 1.24. 
Passerine is the largest order 
of birds that are perching birds 
and have three toes pointing 
forward and one pointing back.  
Passerine comprise about half 
the known species; rooks; 
finches; sparrows; tits; 
warblers; robins; wrens; 
swallows; etc 
(http://www.thefreedictionary.com). 
Migratory birds have very 
large rods (Beason, 1999, 
http://www.jmu.edu/wmra-
eng/archive/birds/beason.html).  
The rods lack oil droplets and 
only have visual pigments 
which make them more 
sensitive to the presence of 
electromagnetic radiation 
compared to cones. 
According to Muheim (Muheim, 
2000, p471) “Magneto-sensitive 
photoreceptors arranged in an 
ordered array, in, e.g., the retina or pineal, would respond differently, depending on 
their alignment relative to the magnetic field … the animals would perceive the 
magnetic field as a three-dimensional pattern of light irradiance or color variation in 
their visual field.” (refer Figure 1.25). 
 
Figure 1.23  A calculated colour tetrahedron for a 
passerine bird showing UV as a fourth receptor using 
the triangular co-ordinate system as proposed by 
Rushton 1972. (Varela et al, p78).  
 
 
Figure 1.24  ERG response curves indicating the 
spectral sensitivity of cone oil droplets and ocular media 
of estrildid finch showing sensitivity in the UVA range 
 
Unwanted lighting effects at night in Australia 
65 
  
 
Chapter 1  Light and life: life on Earth and some characteristics of natural radiation 
66 
 
 
The strength of the visual pattern will be determined by the strength of the magnetic 
field, however, if the strength exceeds normal field strength the pattern changes 
from a dark area to a ring pattern. 
1.6.1.4 Mammals 
Most terrestrial mammals are cone dichromats “having long-to-middle-wave-
sensitive (L-) cones (green-to red-sensitive, depending on species) and short-wave-
sensitive (S-) cones (blue-to near-UV-sensitive, depending on species)”.  Humans 
and some other primates are Trichromats but monochromacy is rare.  Those that 
are known to be monochromats have nocturnal habits (owl monkey, bushbaby, 
common raccoon, crab-eating raccoon, and kinkajou and some rodents (not 
specified) - (Peich, Behrmann, Kröger, 2001, p74). 
Dogs and cats see some blues and yellows but mostly greys (refer Figure 1.26). 
        (a)            (b) 
Figure 1.25  Visual modulation patterns in irradiance or colour variation in bird vision 
(Ritz et al, 2000, pp712-713) in response to Earth’s magnetic field. 
A bird flying parallel to the horizon (a) and looking in different directions, and (b) 
viewing angle change with respect to the geomagnetic field. 
 
Unwanted lighting effects at night in Australia 
67 
 
 
 
 
Some species of bat have a high sensitivity to electromagnetic radiation in the UVA 
range as indicated in Figure 1.27.  According to Winter et al, (Winter et al 2003, p612) 
the phyllostomid flower bat (Glossophaga soricina) is sensitive to ultra violet 
radiation down to 310nm.  Mammals such as the Common Vampire Bat (Desmodus 
rotundus) have thermo receptive organs providing results similar to that indicated in 
1.6.1.2 above. 
 
 
 
Figure 1.27  ERG response of the visual system of C. 
perspicillata and G. soricina bats (Müller et al, 2009, 
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2712075/). 
 
 
Figure 1.26  Human vision on the left, dog and cat vision on the right 
(http://www.colormatters.com/color-matters-for-kids/how-animals-see-color). 
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1.6.1.5 Other animals 
Insects generally are dichromats (http://www.cals.ncsu.edu:8050/course/) as indicated in 
Figure 1.28.  Some have superior vision to humans as they are tetrachromats.  
Some perceive light polarization (refer 1.4.2.5 and 2.5.2), even by moonlight, such 
as the nocturnal ball-rolling dung beetle, Scarabaeus satyrus, (Dacke et al, 2011).  The 
nocturnal ball-rolling dung beetle also uses celestial navigation when polarised 
moonlight is not available. 
Bees are tetrachromats and 
are sensitive to ultra violet 
light.  The additional 
sensitivity reveals different 
information as indicated in 
Figure 1.29, information that 
may assist defining the target 
area for nectar gathering. 
 
 
 
Also, some moths can see colour at very low intensities (Bruce-White et al, 2011, p7). 
Some organisms have thermo-receptive organs including a variety of jewel beetles 
(Melanophila acuminata), darkly pigmented butterflies (Pachliopta aristolochiae and 
Human experience UV view for a bee 
Figure 1.29  Seeing in the ultra violet spectral range compared to human vision (Hanlon). 
 
 
Silverweed 
(Potentilla 
anserina) 
 
 
 
Spring 
crocus  
(Crocus 
vernus) 
 
 
Figure 1.28  Typical dichromatic visual pigments 
in insects.  Green-yellow and blue-ultraviolet with 
little ability to see red. 
(http://www.cals.ncsu.edu:8050/course/) 
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Troides rhadamantus plateni), and blood-sucking bugs (Triatoma infestans), 
(http://en.wikipedia.org/wiki/Infrared). 
Further, according to Phillips, Deutschlander, et al, the magnetic orientation in fruit 
flies is influenced by light, (Phillips, Deutschlander, et al, 2001, p2543).  Mealworm beetles 
also have magnetic orientation influenced by light (Ritz et al, 2002). 
Light is a factor in quiescence and diapause for insects.  The length of the light 
period, in combination with other factors, determines whether or not insects enter 
quiescence or diapause.  Diapause is arrested development combined with 
physiological change and arrested development does not necessarily change when 
factors become more favourable but require physiological stimuli to be triggered 
before continuing.  Diapause can occur at different stages in the life cycle of insects 
depending on the species.  “Insects may enter diapause as larvae, pupae, adults or 
as embryos within the egg …” (Saunders, 2008, p391).  Whilst the sense of light period 
is via the eyes for some insects, for others it is suggested that it is more of a brain-
centred photoreception and not via compound eyes (Saunders, 2008, p406). 
 Flora 
A standard response curve for green 
leaf plants is shown in Figure 1.30  
“..light is .. an important source of 
information for plants, and changes 
in the nature of the light reaching a 
plant can signal seasonal change, 
potential and actual competition by 
shading, proximity to the soil surface 
of roots and seeds, and potential 
photodamage.” (Weller and Kendrick, 
2008, p417).   
Also it is noted that Weller and 
Kendrick indicate that speculations 
on the importance of photoreceptors 
in the natural environment are based 
on plants grown in environmentally 
controlled conditions (Weller and 
Kendrick, 2008, p448). 
 
 
Figure 1.30  Proposed standard 
response curve for green leafed plants. 
(Philips Lighting Division 1985, p 17). 
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1.6.2.1 Photosynthesis 
“Photosynthesis gives life to the Biosphere” (White, 2003, p32).  The majority of plants 
(80 percent) use a process that involves phosphoglyceric acid which is catalyzed by 
the enzyme rubisco in an extremely inefficient process more suited to a CO2 rich 
environment rather than our current O2 rich environment (White, 2003, p34). 
Ten percent of plants have developed a process, that is, more efficient in the use of 
sunlight and water exhibiting high rates of photosynthesis and growth.  Examples 
include sugarcane, corn, sorghum, tropical grasses and salt bush. 
A further ten percent of plants have adapted to high temperature and arid conditions 
using crassulacean acid metabolism.  This group of plants has fleshy assimilatory 
organs, modified leaves or modified stems.  These plants reverse the diurnal rhythm 
of CO2 assimilation by providing gas exchange at night with photosynthesis organs 
taking up CO2 and losing water during the cool and humid night-time.  During the 
day the stomata close to conserve water.  Examples include most cacti, orchids, salt 
tolerant succulents, bromeliads and epiphytic plants.  Some plants in this group are 
able to switch from day to night routines as required to survive. 
1.6.2.2 Photo-toxicity 
Photo-toxicity in plants is a defence against parasites and grazers.  Photo toxins 
affect a wide range of organisms because they target components common to all 
cells such as DNA.  Whilst it is primarily UV that creates photo toxins, in some 
instances where longer wavelengths create the photo-toxin it is suggested that this 
is the result of the potentially photo toxic molecules binding with other cellular 
components that create this situation (Björn and Huovinen, 2008, pp482-483).  Examples 
quoted that have implications for humans and domestic animals include Fig (Ficus 
carica), Angelica (Angelica archangelica), Buckwheat (Fagopyrum esculentum) 
which affects cattle, Celery (Apium graveolens), Hogweed (Heracleum), Spring 
parsley (Cymopteris watsonii) which affects sheep and cattle, Lei flowers (Pelea 
anisata), Burning bush of Moses (Dictamnus albus), St John’s wort (Hypericum) 
species. 
 Fungi 
Single or multi-cell multi-nucleate organisms that do not contain chlorophyll and are 
usually parasites or saprotrophs on other organisms.  Fungi usually exist in damp 
situations (A Dictionary of Biology, p246).  Fungi are eukaryotes.  Both temperature and 
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light affect fungi, but temperature control dominates over light response (Johnsson and 
Engelmann, 2008, p338). 
Lichen is a group of organisms where there is a symbiotic relation between a fungus 
and a green alga or a blue-green bacterium that is distributed within it.  The fungus 
makes up most of the body of the lichen and the symbiont photosynthesizes 
passing nutrients to the fungus (Martin and Hine, A Dictionary of Biology, p347).  Lichen is a 
eukaryote, however, cyanobacteria (prokaryotic organisms that carry out oxygenic 
photosynthesis), occupy many environmental conditions including within lichen.  
Many lichen grow as epiphytes, particularly on tree trunks. 
Björn and McKenzie (2008, p520) indicate that an increase in UV-B may reduce the 
quantity of litter-decomposing fungi and hence reduce the rate of litter breakdown; 
however, increased UV-B increased the rate of reduction in carbon and nitrogen.  
Changing the rate of litter breakdown may be important in some environments. 
Some parasitic fungi use photo toxins to attack plants by destroying the cell 
membranes of host cells which then leak nutrients that feed the fungus (Björn and 
Huovinen, 2008, p484). 
 Bacteria 
Bacteria constitute a large domain of prokaryotic microorganisms. Typically a few 
micrometres in length, bacteria have a number of shapes, ranging from spheres to 
rods and spirals. Bacteria are present in most habitats. Bacteria inhabit soil, water, 
acidic hot springs, radioactive waste, and the deep portions of Earth's crust. 
Bacteria also live in symbiotic and parasitic relationships with plants and animals 
(White, 2003, pp12-20). 
1.6.4.1 Terrestrial based photoautotrophs 
Cyanobacteria, which are prokaryotic organisms that carry out oxygenic 
photosynthesis, occupy many environmental conditions, including soil and lichen. 
1.6.4.2 Diatoms, cyanobacteria, dinoflagellates 
Both cyanobacteria and dinoflagellates are controlled by a circadian clock where 
light is the zeitgeber (Johnsson and Engelmann, 2008, p330, 331). 
 Archaea 
Refer 1.5.5 above. 
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1.7 Conclusion 
Light affects many more aspects of life other than seeing.  The natural diurnal light 
cycles have constantly changing characteristics and those diurnal characteristics 
also change constantly with the seasons.  The experience at any one location is 
determined by latitude of the location as well as geography and the climate.  The 
night-time outdoor lighting environment is significantly affected by moonlight as 
detailed in Chapter 2. 
Except for biota that is completely isolated from and therefore excluded from 
exposure to any natural light, all biota is affected by light, from the smallest viruses 
and bacteria to the largest plants and animals.  Light is a source of energy vital to 
life processes.  Light and the absence of light has an effect either directly or as one 
of a number of zeitgebers effecting circadian rhythms, various life cycle stages 
including mating, entrapment or avoidance behaviours, as well as effecting crypsis, 
and predation and foraging behaviours.  The Prokaryotes form the largest biomass 
on Earth but the Eukaryotes contain the larger kingdoms of Flora and Fauna; 
kingdoms to which we commonly relate in everyday life. 
The sequence of sections in this chapter relating to biota is arranged in the same 
sequence as the Government listing of Threatened Species for easier correlation 
with information in Chapter 4.  Whilst the preceding information on various species 
of biota is far from exhaustive and not necessarily confined to Australia, it 
demonstrates a diversity of life, a diversity of reliance on energy and different 
spectral range responses determined often by the environment within which the 
species survives.  The response spectral range is from ultra violet radiation (UVB) 
through to the near infra-red (NIR). 
It is not necessarily important whether or not a particular species can see colour 
similar to the human experience or whether the species is a dichromat, trichromat or 
tetrachromat etc.  A mammal may be a dichromat, however, the range of spectra 
that stimulates either cone type or both cone types simultaneously covers most of 
the visible spectrum.  Some species see aspects of light that humans cannot, 
namely, light polarization, and they use that information. 
Whilst the preceding information demonstrates that natural ambient radiation is 
essential to life in all its diversity and struggle for survival and also in what is seen, 
light can also create toxins that destroy life. 
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2 Natural nocturnal lighting 
2.1 Introduction 
Natural nocturnal lighting is considered by many to be moonlight and a dark night in 
the absence of moonlight.  Therefore illuminance from the full moon has been used 
as an acceptable benchmark for artificial light at night.  That benchmark has often 
been considered (Philips Lighting Division, 1985) to be 0.25 lux Eh, however, in some 
significant project environmental assessments, literature from the University of 
Tübingen, Germany, produced in the late 1960’s has been quoted suggesting the 
maximum average illuminance of moonlight to be up to three to four times that 
value.  Another source, Boyce (Boyce, 2003, p9), indicates moonlight to be 0.5 lux; 
Seidelmann (Seidelmann, 2006, p493) indicates the value to be 0.27 lux Eh.  The 
maximum illuminance at a light receptor will be on a plane perpendicular to the 
direct line-of-sight to the moon and that is likely to be different to the horizontal 
illuminance except when the moon is at zenith. 
Light at night and its importance to biota is unlikely to be characterised by a single 
metric and therefore other aspects should also be considered such as the spectral 
qualities of natural light at night, polarisation, the influence of factors such as 
weather and other phenomenon. 
Simple measurement with practical field equipment is used to determine the most 
likely applicable benchmark illuminance and spectral characteristics of natural 
nocturnal lighting for use in engineering design. 
Hypothesis 1 
Natural nocturnal light is relatively static and therefore illuminance at full moon is a 
good benchmark for assessing acceptable unwanted light at night on the 
environment. 
2.1 After sunset and before sunrise 
Assuming a clear sky, the moon has a natural cycle to an observer on Earth.  In the 
southern hemisphere the regular cycle of the moon from new moon waxing through 
to full moon and waning to new moon is similar to that shown in Figure 2.1.  The 
waxing crescent moon will set in the West early in the evening, whereas the waning 
crescent moon only rises in the East before dawn. 
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Figure 2.1  Moon phases (as seen in the Southern hemisphere). 
 
 
The large size of the moon as it appears above the horizon compared to the smaller 
size when closer to the zenith, on any one night, is an illusion.  Using an instrument 
to measure the angular size of the full moon in both positions provides the same 
angular size. 
The moon follows an elliptical orbit around the Earth.  At the greatest distance from 
the Earth, which is at the apogee, the maximum distance is 405,400 km, whereas at 
perigee, the shortest distance from the Earth, the distance is a minimum of 362,600 
km (Wikipedia –“orbit of the moon”). 
 
Figure 2.2  Difference in apparent size of the moon at extremes of orbit around Earth 
(moon image taken with Cannon EOS 40D and SIGMA DG 120-400 telephoto lens). 
The elliptical orbit defines a plane.  The axis joining those two positions is the 
apsidal axis.  The apsidal axis rotates in that plane producing a cyclically fluctuating 
movement or precession with a period of 8.85 years 
(http://en.wikipedia.org/wiki/Lunar_precession). 
           Crescent 1stQuarter  Gibbous                     Gibbous  3rd Quarter Crescent    
  New                     Waxing                       Full                       Waning                      New 
 
 
12% apparent reduced diameter 
Full moon at perigee Full moon at apogee 22.55% reduced area 
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Due to apsidal precession of the moon relative to Earth, full moon is larger in 
apparent size if the full moon is observed at perigee rather than at apogee.  The 
difference in any 8.85 year cycle or approximately 4.425 year period or half cycle, is 
a change in projected surface area of 22.5 percent (refer Figure 2.2). 
The surface of the moon has two distinct types of terrain.  The brighter highlands 
have an albedo (reflectance) of 11 to 18 percent being rich in calcium and 
aluminium, mostly feldspar.  The darker lowland mare areas have an albedo 
(reflectance) of 7 to 10 percent and are enriched with iron and titanium with an 
abundance of pyroxene (Ridpath, 2003, pp303, 304). 
The moon rotates counter-clockwise on its axis with one rotation being equal in time 
to one orbit of the Earth therefore the same side of the moon is seen from Earth 
during each cycle. 
The rotation of the Earth about its inclined axis results in the observer’s view of the 
moon changing during the course of an evening (refer Figure 2.3). 
A waxing gibbous moon viewed early in the evening (easterly azimuth) will appear 
to have a different orientation compared with that when the moon is west of the 
observer’s position early in the morning.  It is the observer’s position that has 
changed significantly, not the moon. 
 
 
Figure 2.3  A change in moon’s image for an observer in the Southern 
Hemisphere (Woy Woy 25th October 2012) with diurnal rotation of Earth. 
 Lunar cycle 
One orbit of Earth by the moon takes a different amount of time depending on the 
reference point defining the beginning and end of one orbit.  A Sideral month is the 
time taken for the moon to cross the same international celestial reference frame.  A 
Sideral month is 27 days, 7 hours, 43 minutes, 1.5 seconds. 
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The more common experience for a casual observer on Earth is the Synodic month.  
A Synodic month is the average period for the moon to orbit Earth with respect to a 
line drawn between the Sun and Earth (refer Figure 2.4), that is, from one full moon 
to the next as seen from a specific position on Earth.  The elliptical orbits of both the 
moon and Earth combined with the perturbations of precession results in a Synodic 
month varying from 29.18 days to 29.93 days with an average duration of 29.53 
days (that is, 29 days 12 hours 44 minutes and 2.9 seconds). 
 
 
Figure 2.4  The Earth’s orbit and moon’s orbit, phase and elongation (E), inclination of moon 
orbital plane to ecliptic plane (Wikipedia- “orbit of the moon” and Seidelmann (2006, p 33, 34)). 
E refers to Elongation where Elongation with respect to the moon is the angle from 
an axis drawn between the centre of the Sun and passing through the centre of 
Earth and an axis from the centre of Earth and the centre of the moon.  E=0 when 
the moon is between the Sun and Earth and directly aligned, that is, new moon.  
The opposite is E=180 which is full moon or when the Sun and Earth are in direct 
alignment and the moon is on the opposite side of Earth (refer Figure 2.4).  The 
moon is in Quadrature when E=90 (270) degrees, that is, first and third Quarters. 
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2.2 Moonlight illuminance. 
The radiation reflected from the full moon towards Earth has been variously quoted 
as 0.25 lux to exceeding 1 lux.  It has also been indicated that latitude of location of 
measurement will influence the result with higher values in the tropics but other 
sources indicate that that should not be the case.  If full moon is to be used as a 
benchmark, a simple series of field measurements was necessary to determine the 
appropriate benchmark. 
 Illuminance measurement methodology 
Obtain a good quality illuminance meter capable of measurement to 0.01lux 
checked by a NATA registered laboratory for accuracy.  A Minolta T-1 illuminance 
meter was selected and it was checked at the QUT NATA registered laboratory, 
certificate #2763-1. 
Illuminance at the light receptors of biota at night will vary depending on the 
direction of view and the position of the moon in the sky visible at that time.  The 
highest value will always be direct line-of-sight to the moon and as the moon is 
rising or setting, light on a horizontal plane will always be less than in the vertical.  
Measurement of illuminance directly from the moon was achieved by attaching a set 
square to the rear of the illuminance meter and using the perpendicular blade as the 
aiming device.  Horizontal illuminance measurements were recorded with the 
assistance of a bubble level attached to a front facing surface of the illuminance 
meter. 
At no time was there any direct line-of-sight to the one local minor street light in the 
area.  Also measurements were taken at new moon in the same location to 
determine if any sky-glow effect might influence the direct measurements. 
Measurements were taken at various times during the nights when full moon was 
predicted and there was unimpeded direct view of the moon.  Australian 
Government Geoscience Australia prediction software was accessed on-line to 
determine time, elevation and azimuth of full moon as an indicator of the 
approximate timing that measurements should be taken. 
Local weather (temperature, relative humidity, wind speed and wind direction) plus 
an estimate of cloud cover were recorded for additional information.  Whilst the 
weather measuring equipment was not calibrated, it was considered sufficiently 
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accurate should some unexpected anomalies arise to indicate which aspect might 
require calibrated instrumentation for future research. 
 Illuminance measurement results 
The illuminance results are shown in Appendix A, Table A.1.  Those illuminance 
results have been recalculated in minutes from the moment of full moon and then 
plotted in terms of days either side of the mid-point of a nominal lunar month.  
Illuminance was measured in two planes, on a horizontal plane (Eh), and in a plane 
perpendicular to the direct line-of-sight towards the moon (Epp) and that information 
is shown in Figures 2.5 and 2.6 respectively. 
  
Figure 2.5  Illuminance on the horizontal plane (Eh).  Measurements recorded mainly at 
Woy Woy (-33o 29’ latitude) with a reference measurement taken at Darwin 
(-12o27’ latitude), tabulated results shown in Appendix A, table A.1. 
Literature provides a range of values attributed to horizontal illuminance from the full 
moon.  Boyce (Boyce, 2003, p9) indicates a value of 0.5 lux.  Bunning and Moser, 
(Bunning and Moser, 1969, p1019) indicate that “With the altitude of the moon at 60o, the 
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intensity may reach 0.7 lx.  With the moon at still higher altitudes in tropical or 
subtropical regions, the maximum intensity may reach 1 lx.”  Seidelmann (2006, page 
493) indicates the horizontal illuminance from moonlight when the moon is at the 
zenith and the moon is at mean orbital distance is 0.27 lux; this value is overlaid on 
the graph in Figure 2.5 and shown as a dashed line. 
Table 2.1  Comparison of moonlight illuminance measurements at different 
latitudes within Australia 
Location Latitude Date Time 
(local) 
Moon Altitude Epp Eh 
Woy Woy, 
NSW 
-33o29’ 1st Aug 
2012 
2320 (EST) 71o41’ 06” 0.27 0.25 
Darwin, NT -12o27’ 3rd Aug 
2012 
0020 
(CST) 
77o 08’ 38” 0.27 0.26 
 
  
Figure 2.6  Illuminance in a perpendicular plane (Epp) directly towards the moon.  
Measurements recorded mainly at Woy Woy (-33o 29’ latitude) with a 
reference measurement taken at Darwin (-12o 27’ latitude), tabulated 
results shown in Appendix A, Table A.1. 
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These results would suggest that the Seidelmann reference is likely the most 
accurate in regard to the illuminance at full moon being 0.27 lux.  Also, there is no 
significant difference between the measurements taken at Woy Woy or Darwin 
despite the difference of 21 degrees of latitude as shown in Table 2.1 which further 
supports the Seidelmann reference which indicates that there should be no 
difference with a change in latitude. 
Further, taking the mean distance of the moon from Earth to be 384,000 km (from 
section 2.1 above), and applying the inverse square law would indicate that based on 
distance only, the illuminance from the full moon at the zenith on a clear night may 
vary between 0.30 and 0.24 lux (ie 0.27 ± 0.03) every 4.425 years due to apsidal 
precession of the moon’s orbit. 
The apsidal precession (perihelion precession) movement of the Earth’s orbit 
around the Sun could marginally change those values due to the eccentricity.   
 
Figure 2.7  The effect of the apsidal precession of Earth’s orbit around the Sun. 
Eccentricity exaggerated for demonstration purposes: the proximity of Earth 
and the Sun at winter solstice (Southern Hemisphere). 
Assuming mean orbital distance when 0.27 lux is the full moon illuminance, a 
perihelion of 147.10 Mkm and an aphelion of 152.10 Mkm (refer Figure 2.7) that 
would equate to a variation of ± 0.01 lux from the mean over a period of 
approximately 10,500 years.  When combined with the apsidal precession of the 
moon previously noted, the illuminance value range could change to 0.30 lux (± 
0.01) to 0.24 lux (± 0.01).  Given that the Earth’s apsidal precession time period is 
well beyond biota lifetimes it can therefore be disregarded for practical purposes. 
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It is anticipated that there is likely to be a difference between the illuminance in a 
plane perpendicular to the direct line-of-sight towards the moon and horizontal 
illuminance from the moon.  Perpendicular plane illuminance would more closely 
represent the illuminance at the light receptor of biota.  As expected, and shown in 
Figure 2.6, at full moon there are slightly greater perpendicular plane illuminance 
values. 
Perpendicular plane illuminance does not change significantly when the altitude of 
the moon exceeds 60 degrees as shown in Figure 2.8, however, the horizontal 
illuminance increases with the cosine of the angle of incidence of moonlight. As the 
moon approaches the zenith, the horizontal illuminance approaches the value of 
perpendicular plane illuminance. 
 
Figure 2.8  Variation of horizontal illuminance (Eh) relative to moon phase and 
moon altitude. 
Modified graph from Seidelmann 2006, p491, which shows that above 
60 degrees moon altitude that there is little change in horizontal 
illuminance. 
During summer the altitude of the full moon changes in Woy Woy (refer Table A.2 in 
Appendix A) being approximately 35 to 40 degrees it is much lower than during 
winter when it is 60 to 77 degrees.  This means that during summer the horizontal 
illuminance is lower relatively compared to vertical illuminance values at the same 
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point for winter.  The relationship between vertical illuminance perpendicular to the 
line-of-sight and horizontal illuminance (Epp:Eh) has changed and hence that 
characteristic changes with the season (refer Figure 2.9). 
 
Figure 2.9  Ratio of Epp:Eh with change of season and change of latitude. 
Least variation occurs in the subtropics with most variation in Tasmania.  
The time of astronomical twilight determines the altitude of when moonlight 
(and starlight) only is available. 
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This relationship also changes with change in latitude particularly as Eh is relatively 
constant at full moon (depending on moon altitude – refer Figure 2.8).  In Darwin 
Epp:Eh is close to unity at full moon regardless of season.  In Hobart during summer 
Epp:Eh is close to 2.4:1 at full moon but closer to unity during winter. 
The potential difference in perception is illustrated in Figure 2.10 where a higher 
Epp:Eh ratio provides better perception and relatively higher luminance to vertical 
surfaces compared to horizontal surfaces. 
During daylight/sunlight this would be the vector:scalar illuminance ratio (Cuttle, 2015, 
p79) where vector includes directionality.  In this instance the direct light source is 
the moon rather than the sun, however, the same principles apply. 
At any scale, three dimensional objects such as rocks, twigs, and leaves and 
various biota etc., will be perceived similarly depending on the sensitivity of the 
observer (biota).  If artificial light provides greater revealing contrast, predators have 
advantage over prey where that prey normally relies on camouflage as a survival 
strategy in natural night-time lighting conditions.  As the maximum Epp:Eh ratio 
seems to be 2.4:1 for Hobart in summer and for the majority of Australia the ratio 
should be lower.  A ratio of 2:1 is recommended to mimic natural conditions in the 
absence of any other information to the contrary at this time.  An option would be to 
associate different ratios with different latitudes.  The lower the latitude the lower the 
ratio: Darwin with 1.1:1 (latitude -12.5 deg) varying proportionately to Hobart at 
higher latitude and higher ratio at 2.4:1 (latitude -42.9 deg). 
2.3 Moon surface luminance: 
Luminance is a measureable quantity, that is, independent of distance.  Therefore 
luminance of the moon is the same if the moon is at perigee or apogee; however it 
will vary depending if Earth’s orbit is at perihelion or aphelion and to a minor degree 
on the axial position due to nodal precession.  It will also vary with change in moon 
altitude and change in the Earth’s atmosphere; relative humidity, aerosol 
contaminants, etc.  Literature suggests that typical full moon luminance could be 
1,576 cd/m2 (Hiscocks, 2011, http.//Unihedron.com), 2,500 cd/m2 (www.schorsch.com), or 
3,800 cd/m2 at perigee (Schmidt, 2009). 
Schmidt, SRH University of Applied Sciences, Heidelberg, Germany, reported 
recordings of full moon luminance on the 11th January 2009 being in the range 4900 
to 5400 cd/m2.  These extraordinary results were attributed to the coincidence of the 
Earth being only one week from perihelion and the moon also being at perigee and 
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the phase angle being only 1.64 degrees.  In addition the relative humidity at the 
measurement locations was less than 10 percent. 
 Measurement of moon surface luminance 
Initially measurement of moon surface luminance was for the purpose of assessing 
one of the aspects of the natural nocturnal environment.  However, the average 
luminance of a non-uniform bright surface presents a challenge in determining a 
practical result..
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Figure 2.10  Natural nocturnal lighting colour temperatures and shadowing. 
An off-white statue under palm trees photographed at different times with an electronic digital camera (Cannon EOS 40D), manual control, same aperture 
showing change in colour temperature and modelling according to natural nocturnal lighting as indicated. 
(a)  Full moon rising, 2000hrs, Epp/Eh ratio 2:1, warmth of light similar but not quite the same as (b) and (c), refer Figure 2.11(a) spectral curves. 
The image shows high vertical illuminance, however, head and part of shoulders in shadow from adjacent palm leaf.  Moon altitude 30.5 degrees. 
(b)  Full moon rising, 2200hrs, Epp/Eh ratio 1.08:1, shadowing has changed with change in moon azimuth. 
(c)  Full moon rising, 0030hrs, Epp/Eh ratio 1.08:1, shadowing has changed with change in moon azimuth. 
(d)  Nautical twilight, 0625hrs, no direct light, little shadowing from sky light, cooler light than (c), refer Figure 2.11(a) spectral curves.  
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 Luminance measurement methodology 
Obtain a good quality luminance meter capable of measurement in the luminance 
range anticipated and most importantly to have a measurement angle equal to or 
less than the size of the moon to minimise error.  A Minolta LS-110 luminance meter 
was borrowed from AECOM Australia as the meter had a spot measurement area of 
1/3rd of a degree and had previously been checked by the NATA certified laboratory 
at QUT. 
The maximum apparent diameter of the moon is less than or equal to 0.574 degree 
depending on the distance of the moon from Earth at the time of measurement.  Any 
one spot measurement represents the average of 36 percent or more of the 
apparent projected surface area.  Ideally the spot measurement area of the 
luminance meter should match the size of the moon so that the average of the 
moon’s surface is accounted for in one measurement.  However, given that the spot 
measurement area is smaller than the moon’s surface a minimum and maximum 
measurement should provide an indication of the likely mean value.  The method 
should be sufficient to determine which of the previously noted average full moon 
surface luminances is most likely more appropriate. 
 Luminance measurement results 
The results for the full moon in August 2012 are shown in Table 2.2 at Woy Woy 
New South Wales.  The altitude of full moon in August still exceeds 60 degrees 
although less than May/June but higher than November/December. 
Table 2.2  Recorded luminance measurements of moon at Woy Woy NSW, 3rd / 4th August 
2012. 
Time on 3rd/4th 
August 2012 
2000hrs 2100hrs 2200hrs 2310hrs 0000hrs 0105hrs 
Minimum 
cd/m2 
900 1185 1300 1700 1880 1850 
Maximum 
cd/m2 
1070 1370 1530 2050 2220 2250 
Moon altitude 
deg/min/sec 
16/11/34 28/08/49 39/44/25 51/57/26 58/44/14 62/36/32 
Relative 
humidity % 
81 86 82 82 87 92 
One side of the moon, the left side, had consistently higher luminance than the right 
side where there is a higher percentage of lower reflectance mare areas.  Both 
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values are shown in Table 2.2; the average difference is less than 20 percent.  Due 
to the fluctuation of values whilst focussed on any one location the values should 
only be taken as a guide rather than absolute.  As the same surface of the moon is 
oriented towards Earth the albedo characteristics remain relatively constant. 
The average luminance at 0105 hours on August 4th 2012 was 2050 cd/m2, the 
altitude of the moon was approximately 62.5 degrees and the relative humidity was 
very high at 92 percent.  High humidity reduces the luminance due to atmospheric 
transmission loss.  This would suggest the average luminance is therefore more 
likely to be closer to 2,500 cd/m2 than either of the other two proposed values noted 
in literature.  The luminance will likely be higher in May/June and less in 
November/December. 
The luminance of the moon surface therefore varies with the variation in flux from 
the Sun as well as with reduction due to atmospheric effects associated with Earth.  
Moon surface luminance also changes with phase angle.  Shadowing created by the 
mountainous terrain on the moon’s surface reduces light reflected back towards 
Earth during the first and third quarters.  It is suggested (http://www.asterism.org) that 
quarter moon surface luminance is approximately 8 percent of full moon luminance. 
2.4 The spectral characteristics of natural nocturnal lighting 
Logic would indicate that natural light at night would be moonlight or starlight and 
the combination of both.  Starlight only is possible during new moon on a clear 
night.  Moonlight is reflected sunlight and therefore expected to have a similar 
spectral distribution curve although modified by the reflectance characteristics of the 
materials of the moon’s surface and similarly affected by Earth’s atmosphere 
showing absorption for water, oxygen etc. 
Whilst a typical sunlight spectral radiance curve is readily available a typical full 
moon moonlight radiance curve was not.  It was therefore decided to obtain an 
easily field transportable spectrometer capable of measuring both daylight and 
moonlight to be able to record the differences. 
 Measurement of natural lighting spectral characteristics 
The range in photon count between sunlight and starlight cannot be accommodated 
by any one instrument and more likely to require several instruments and well 
beyond any budget for this study.  Therefore the top end and bottom end, sunlight 
and starlight, are dealt with separately using measurements made by others with 
highly specialised equipment.  The middle range, twilight through to moonlight is 
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measured with an appropriate spectrometer purchased specifically for that purpose.  
A priority was to look for change in spectral characteristics rather than specific 
photon counts at any particular wavelength. 
 Spectral measurement methodology 
The spectral footprint was recorded for a number of different periods from sunset 
through to sunrise during a clear full moon. 
 
(a) 
 
(b) 
Figure 2.11  Relative spectral characteristics of natural light at a moment in time. 
Measured at Woy Woy, New South Wales, 29th July 2012.  For reference the green 
curve in ((a) above) is typical starlight (refer also Figure 2.12).  A change in the 
spectral characteristics of light occurs sunset through to sunrise ((b) above) 
although below 494nm the proportions of radiation are very similar. 
An Ocean Optics USB2000+spectro radiometer that measured photon counts in the 
spectral range 300 to 1000 nm was used and the detector was connected to a 
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0.6mm diameter fibre optic cable which had an optical window of 25 degrees.  The 
fibre optic was aimed at the moon and in the direction of sun-rise or sun-set without 
direct view of the sun but in close proximity and held in a stand mounted omni-
directional clamp. 
The meter was calibrated using a proprietary halogen calibration unit LS-1-CAL-220 
suited to the Ocean Optics spectro-radiometer and recommended by the 
manufacturer. 
The purpose of measurement was to record the relative spectral composition of light 
from the target, therefore the integration time was adjusted to provide the maximum 
definition to each spectral graph. 
 Spectral measurement results 
The relative spectral composition of natural light at specific moments in time is 
provided in Figure 2.11(a).  It is not a comparison of photon counts as the curves 
represent different measurement intervals from micro seconds to seconds but rather 
represents a comparison of light qualities (relative quantities of energy at any 
particular wavelength for a particular spectral curve) at the different times and the 
change that occurs between those periods. 
In the blue portion of the spectrum, Figure 2.11(b) (blue area), the spectral curves 
are similar separating at 494 nm except for moonlight and daylight.  Moonlight and 
daylight are similar up to 648 nm (green area) after which daylight has more in the 
red portion of the spectrum as would be expected just after sunrise.  Moonlight has 
a comparatively higher proportion or energy in the range 515 to 685 nm compared 
to sunset civil twilight or to sunrise civil twilight.  The spectral composition of 
moonlight is continuous through the visible spectrum with less energy in the red end 
of the spectrum than daylight.  
 
Figure 2.12  A typical spectral distribution from starlight. 
Peaks (blue dashed lines) represent natural sky-glow created by solar wind high energy 
particles exciting oxygen atoms in the upper atmosphere. 
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The spectral distribution for starlight has been provided courtesy of Prof Martin 
Aubé, Department of Physics, University of Sherbrooke, Québec, Canada, using the 
SAND (Spectrophotometer for Aerosol Night Detection) instrument specifically 
developed by Prof Aubé.  Starlight provides more or less continuous background 
radiation in the 400 to 700nm range as it is averaged from many stars.  Spectral 
distributions were provided from observatory locations in California, Chile, Québec, 
Tucson and Tenerife (Spain) and apart from sodium and mercury influences all 
appeared similar.  The natural sky glow from the solar wind high energy particles 
exciting oxygen atoms in the upper atmosphere produces the spectral peaks at 
557.7, 630.0 and 636.3nm as indicated in Figure 2.12. From the above information, 
the spectral composition of natural light at night constantly changes from sunset 
through twilight, night-time and again from twilight to sunrise with the different 
phases of the moon.  Therefore the perception of the nightscape depends on the 
threshold sensitivities of the observer as indicated in Figure 2.13. 
Moonlight is not often available throughout the night (refer Figure 2.14).  A waxing 
crescent moon cannot be seen during day-time and sets early evening in the west, 
the rest of a clear night is starlight.  A full moon will rise during the evening and set 
early in the morning, hence being available most of the night.  A waning crescent 
moon will rise towards the middle of the night and cannot be seen during the 
following day, therefore initially the nightscape only experiences starlight on a clear 
night.  Starlight offers the most constant spectral distribution which occurs in the 
absence of moonlight or other natural phenomenon (refer section 2.7). 
2.5 Other characteristics 
 Colour temperature 
The colour temperature of moonlight at full moon when the moon is close to the 
zenith is indicated to be 4100 to 4150 K (https://en.wikipedia.org/wiki/Color_temperature).  
When the full moon is close to the horizon the moon can appear to be much warmer 
as the atmospheric path that moonlight reaches the observer is considerably thicker 
than when the moon is at zenith which means more scattering of the blue part of the 
spectrum (Rayleigh scattering – refer section 4.7)), hence the warmer appearance. 
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Figure 2.13  Different experience of the same nocturnal landscape depending on 
visual thresholds. 
(a) Simulated human vision of a marine scene in moonlight at 0.22 lux Eh, 
although there was a little less warmth of perceived colour in the sandstone in the 
foreground. 
(b) Same scene as (a) in moonlight at 0.22 lux Eh but with different threshold 
sensitivity – same moonlight spectrum (refer Figure 2.11(a)).
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Figure shows the presence or absence of moonlight from sunset through to sunrise on any day assuming clear skies illustrating the constant change 
in the quantity, the availability, and the time of availability of moonlight / starlight in clear weather conditions – Woy Woy, NSW Australia. 
Figure 2.14  A representation of the absence of moonlight from sunset through to sunrise during a lunar month mid-winter and mid-summer 2015. 
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 Polarisation 
Polarised light patterns occur much more strongly during the day-time than during 
the night-time associated with the moon (refer Figure 2.15 for typical day-time 
patterns).  According to Cronin and Marshall (Cronin, T. W., Marshall, J., 2011, p2) 
polarised light patterns continue after sunset and occur before sunrise “… the 
simple overhead pattern of skylight polarization exists for nearly an hour before 
sunrise or after sunset”. , that is, until astronomical twilight finishes following sunset 
and from astronomical twilight before sunrise. 
 
Figure 2.15  Linear polarised light patterns in the sky at sunset 
(Cronin, T. W., Marshall, J., 2011, p2).  Light polarisation with the colour key indicating the 
strength of polarisation, the strongest band at 90 degrees to the solar position and that 
polarisation is still occurring even though the sun has set.  The bottom view shows that items 
such as cloud create interference patterns but do not change the overall pattern related to 
the position of the sun below the horizon. 
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Moonlight is also polarised and exhibits similar patterns.  “On clear moonlit nights, a 
band of highly polarized light stretches across the sky at a 90 degree angle from the 
moon” (Kyba C. C. M., et al, 2011).  It is also indicated that “… when the polarization 
angle of moonlight differs from that of skyglow, the introduction of moonlight initially 
reduces the degree of linear polarization”, however, “provided the moon is bright 
enough, as it rises the strongly polarized scattered moonlight will begin to dominate 
over the weakly polarized skyglow”.  That is, a washing out of the polarisation signal 
at moonrise and moonset. 
Similarly, as there is less moonlight at lower moon altitudes and as summer 
experiences lower moon altitudes than winter, there is expected to be greater 
washing out of the lunar polarization signal in summer. 
Polarised moonlight orientation changes with the apparent azimuth and altitude of 
the moon.  Some biota responds to the orientation of polarised moonlight (Dacke et al, 
2011). 
2.6 Moonlight and shadow 
Moonlight, like sunlight, creates areas of light and shadow. For species such as 
marine turtle hatchlings the darkness of a dune is believed to be one of the 
orientation cues assisting hatchlings to head in the opposite direction towards water.  
Moonlight and shadow may be important factors in predation and survival and 
therefore prediction of moonlight shadowing by elements of the environment may be 
important. 
In Figure 2.16 and 2.17 the arcs have a seasonal sequence opposite to sun paths.  
Sun paths have the highest altitudes in December and lowest in June whereas the 
moon paths are showing the highest altitudes in June and lowest altitudes in 
November/December. 
This applies in the southern hemisphere but is the reverse in the northern 
hemisphere due to the angle of the orbital plane of the moon.  That is, in the 
northern hemisphere, for similar latitude, the altitude of full moon is higher in 
December than in June which also happens to be the winter season in the northern 
hemisphere. 
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Figure 2.16  Full moon path arcs, Woy Woy, New South Wales, June through to 
December 2012. 
In stereographic projection the centre of the chart represents the zenith 
and the circumference the horizon.  The shaded section indicates when 
the moon altitude is ≥ 60 degrees.  Moon positions calculated using 
Australian Government Geoscience Australia data. 
The moon has an apparent path of travel east to west.  The time curves 
approximate the analemma (lazy ‘S’ form) of sun charts, however, they are not quite 
as smoothly defined due to a number of factors including that the Synodic month 
can vary up to 18 hours in length and that time can shift the hourly azimuth altitude 
positions (refer Figures 2.16 and 2.17).  
This is a simple and useful graphical tool for working with natural light at night. 
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Figure 2.17  Full moon path arcs, Woy Woy, New South Wales, January through 
to June 2012. 
In stereographic projection the centre of the chart represents the zenith 
and the circumference the horizon.  The shaded section indicates when 
the moon altitude is ≥ 60 degrees. 
Moon positions calculated using Australian Government Geoscience 
Australia data.  
 
2.7 Natural nocturnal lighting moderating factors 
Aerosols and particulates in the atmosphere will change the quantity of natural 
nocturnal lighting and also modify the spectral characteristics and weaken or 
prevent polarisation effects. 
Astronomical 
twilight begins 
Astronomical 
twilight ends 
Night-time 
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Figure 2.18  The change in spectral distribution due to cloud. 
 The change is shown by the yellow and green curves 
(https://en.wikipedia.org/wiki/Sunlight). 
 Relative humidity and temperature 
High humidity, fog, and cloud are forms of moisture in the atmosphere depending on 
local temperature at the time and can produce rain, hail or snow, all of which have 
confounding effects on any lighting associated behaviours. 
Cloud reduces the relative quantity of energy at any one wavelength for 
wavelengths above 450nm with a slightly larger reduction in the red end of the 
spectrum as indicated by the yellow and green curves.  The graph in Figure 2.18 is 
for sunlight but can equally apply to moonlight. 
 Airborne particulates 
The size and concentration of dust, smog and smoke particles in the atmosphere 
will determine the characteristics of moonlight and the appearance of the moon with 
a tendency to become more yellow or orange. 
  Other transitory natural phenomena 
Other natural nocturnal lighting tends to be transitory and random to varying 
degrees such as lightning, bioluminescence and the Aurora Australis. 
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2.7.3.1 Lightning 
A massive flow of electric current occurs 
during the return stroke of a lightning 
strike which when combined with the rate 
at which it occurs rapidly superheats the 
completed leader channel, forming a 
highly electrically conductive plasma 
channel. The core temperature of the 
plasma during the return stroke may 
exceed 50,000 K, causing it to brilliantly 
radiate with a blue-white colour 
(https://en.wikipedia.org/wiki/Lightning) - 
refer Figure 2.19. 
 
 
 
 
2.7.3.2 Bioluminescence 
Blue bioluminescence occurs in water 
when dinoflagellates, 'Noctiluca 
Scintillans’, in the water are 
mechanically agitated, such as in the 
pounding action of the surf.  The 
luminescent effect is transitory (refer in 
Figure 2.20). 
2.7.3.3 Aurora Australis 
Aurora Australis is a transitory lighting effect.  It is the result of collisions of solar 
wind and atoms and molecules in the upper atmosphere.  Aurora Australis can be 
seen in Tasmania and at times in the southern states of Australia (refer Figure 2.21 
for typical images). 
 
 
 
 
Figure 2.19  Lightning 
(https://www.google.com.au/search?q=ligh
tning&espv=2&biw=1067&bih=559&tbm=is
ch&tbo=u&source=univ&sa=X&ei=FZ-
TVd3NJOTWmAW28YHwCw&ved=0CCc
Q7Ak#imgrc=OPjq90PVK8i7EM%3A). 
Figure 2.20  Bioluminescence from 
mechanically agitated dinoflagellates 
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Figure 2.21  Aurora Australis typical images. 
(https://www.google.com.au/search?q=aurora+australis&espv=2&biw=1067&bih=559&tbm=i
sch&tbo=u&source=univ&sa=X&ei=8QOOVZH2BsS-
mwXgmoH4BQ&sqi=2&ved=0CDwQ7Ak). 
2.8 Probability of receiving moonlight or starlight 
In reality the probability of a particular location being subjected to un-interrupted 
moonlight or starlight varies both with location and time of the year.  Assuming the 
average probabilities of occurrence are similar at night to those during the day, then 
annually Sydney has clear conditions 28.6 percent of the time and of the 71.4 
percent duration cloud cover half of that time the cloud cover is greater than or 
equal to 75 percent.  The most cloud cover occurs in February for 80.4 percent of 
the time and the least cloud cover occurs in August for 57.5 percent of the time with 
approximately half of those durations providing 75 percent or more sky coverage by 
cloud (http://www.bom.gov.au/climate/cdoavera/about/definitionsother.shtml#cloudydays). 
November through to March is an important period in north-west Western Australia 
for marine turtle nesting.  Broome (WA) has an annual average probability of a clear 
day of 49.9 percent with 50.1 percent duration cloud in the sky and of that duration 
approximately 40 percent of that time the sky cloud cover is greater than or equal to 
75 percent.  The most cloud cover occurs in February for 87.5 percent of the time 
and the least cloud cover occurs in August for 25.2 percent of the time with 
approximately 57 percent and 20 percent of the respective period durations 
providing 75 percent or more sky coverage by cloud.  January and February 
experience similar conditions although November, December and March average 
longer periods of clear skies (Australian Government, Bureau of Meteorology). 
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2.9 Discussion 
Natural nocturnal lighting constantly changes.  To quote Seidelmann (2006, page 493), 
“Moonlight illuminance varies according to phase, altitude and atmospheric 
extinction”.  Natural nocturnal lighting, however, is more than moonlight illuminance 
and varies somewhat randomly depending on the circumstances. 
Full moon only occurs approximately on a 28 day cycle and for approximately an 
hour before and after that point in time, during which there is not a significant 
difference in illuminance.  Before and after full moon the illuminance is either waxing 
or waning respectively with no direct moonlight at the moment of new moon or for 
parts of the night depending on moon phase.  Starlight is always present, assuming 
clear weather, and only becomes more obvious during periods when there is no 
moonlight.  Practically measurable direct moonlight illuminance varies according to 
moon phase, moon altitude, the eccentricity of the moon’s orbit, nodal precession 
and season.  At full moon peak illuminance, a figure of 0.27 lux Eh would seem to be 
appropriate and at peak new moon a value ≤ 0.002 lux is likely, however, both these 
values change depending on the position of Earth with respect to Earth’s orbital 
path around the Sun assuming the Sun’s radiant energy is constant.  Both of these 
potential benchmarks, Eh mean full moon and Eh mean starlight are momentary extremes.  The 
range would then be 0.27 (2.7 x 10-1) lux full moon to 0.002 (2.0 x 10-3) lux for 
starlight. 
Taking a lunar month to be 28 days and, as there are two extremes, full moon and 
new moon, and given the shape of the orbit of the moon around Earth, as an 
average approximately half of that time period will be approaching or recovering 
from full moonlight exposure and approximately half of that time will be approaching 
and recovering from new moon conditions or starlight only.  Using the measured 
illuminance data detailed in Appendix A and noted in section 2.2.2 and using the 
resultant interpolated curve as plotted in Figure 2.5, fifty percent of the time Eh mean 
will exceed 0.025 (2.5 x 10-2) lux and fifty percent of the time it will not. It is about 
factoring in the element of time which is quite different to adding the maximum and 
minimum illuminance and taking the average which does not account for the time of 
exposure. 
In any lit scene a factor of 10 difference in illuminance is quite a noticeable 
difference in appearance and therefore 0.025 lux Eh would represent a noticeable 
difference less than transitory full moon 0.27 lux Eh and a noticeable difference 
greater than transitory starlight only at 0.002 lux Eh and therefore 0.025 lux Eh is a 
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better benchmark than either extreme and better than an average of the minimum 
and maximum illuminance values with no reference to the period of exposure time. 
A reasonable value for the average luminance at mean full moon when at zenith is 
2,500 cd/m2.  The luminance of the moon changes with moon altitude, being the 
greatest when it is at zenith and least when close to the horizon due to atmospheric 
extinction.  According to moon phase, if there is an increased percentage of mare 
areas visible then the average luminance of the visible surface is slightly lower by 
approximately 20 percent as mare areas have a lower albedo than highland areas. 
The spectral composition of natural light changes from sunset through to sunrise.  
The most significant changes occur during the twilight periods although there does 
not seem to be any shift in the relative spectral composition of light below 494nm.  
The exception is starlight which appears to be relatively uniform 400nm through to 
700nm although there is no reason to believe filtering and scattering in the blue end 
of the spectrum as light passes through the Earth’s atmosphere should not also 
apply to starlight; the absence of any such indication may be a matter of 
measurement instrument sensitivity and measurement instrument range.  The 
threshold stimulation values of biota visual systems will determine the perception of 
the environment but that perception filtering/transformation process does not 
change the available radiation spectra or photon quantity.  Above 450 nm the 
presence of natural aerosols, such as moisture in the form of cloud, reduces the 
relative spectral composition when the moon is at zenith and reduces the photon 
count according to cloud density.  Other natural contaminants such as dust and 
smoke tend to shift the spectral composition making the moon appear much warmer 
but that can also occur when the moon is close to the horizon due to the greater 
scattering of shorter wavelength blueish light in the atmosphere. 
The characteristic pattern of linear polarised light in the sky changes and moves 
from sunset through to sunrise.  The effects associated with the sun last well after 
sunset and start well before sunrise at the finish and start of astronomical twilight 
respectively.  Moonlight also has similar polarising patterns and likewise constantly 
changes with the apparent movement of the moon and phase of the moon relative 
to the Earth’s surface. 
The position and type of natural nocturnal light determines favourable or 
unfavourable conditions either revealing or camouflaging prey or various situations 
and can be one of the factors that inhibit or encourage a particular behaviour.  None 
of the above is necessarily going to occur in a completely predictable and precisely 
defined amount and distribution because there are modifying regional and local 
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weather conditions that can effect and change all of the above in a somewhat 
random manner from one time to another. 
Other natural light phenomenon such as lightning, bioluminescence and the Aurora 
Australis are transitory, from micro seconds to seconds to hours or days.  The 
spectral characteristics of the radiation associated with those events can vary just 
as significantly as can the quantity of radiation at any moment in time. 
Natural nocturnal lighting and its attributes changes constantly between sunset and 
sunrise.  No single metric can provide a benchmark suitable for all environmental 
circumstances, however, the criteria needs to be practically measureable.  The 
criteria and criteria sensitivity should be matched to the sensitivity of the 
environment and the potential operational nature of any proposed development. 
2.10 Conclusions 
The perception of natural nocturnal lighting and the environment depends on the 
species.  Natural light at night is considered by many to be moonlight and a dark 
night in the absence of moonlight and if the natural world is regularly exposed to 
that amount of light it should be a reasonable benchmark for assessment of artificial 
light from proposed developments.  Literature contains various claims for 
illuminance at full moon with some values being a factor of 3 to 4 greater than 
others.  Also literature notes that the spectral composition of moonlight will be 
similar to sunlight as moonlight is simply sunlight reflected from the moon’s surface, 
however there is no qualification in respect of any selective reflectance 
characteristics and any modifying influences that that may have on the resultant 
radiant spectrum.  Therefore appropriate equipment and simple methodologies were 
used to determine the most appropriate information. 
The appropriate horizontal illuminance from full moon in the zenith position and at 
mean orbital distance as noted by Seidelmann (2006, page 493) is 0.27 lux and 
contrary to other literature claims, this value did not change regardless of 
measurement latitude -33o 29’ or at -12o27’.  If it is a clear sky and there are no 
moderating local weather conditions, this maximum value occurs for a brief 2 hour 
period in the middle of a winter’s night and approximately every 28 days.  Both 
before and after that time illuminance is less and can be less than 0.002 lux on a 
clear bright star lit night at peak new moon.  A more appropriate benchmark value 
representing 50 percent of the time illuminance exceeds a particular value and 50 
percent of the time it is less than a particular value would be a benchmark of 0.025 
lux Eh.  Illuminance in a plane perpendicular to the direct line-of-sight to the moon is 
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greater than illuminance measured on a horizontal and is proportional to the altitude 
of the moon, decreasing until at parity when the moon is at zenith. 
Measurement of the spectral composition of light from a full moon on a clear night is 
generally similar to sunlight, particularly in the blue region of the visible spectrum.  
However, there is relatively less radiation in the red end of the visible spectrum of 
moonlight compared to sunlight.  This means that depending on the characteristics 
of the observer’s visual system a night-time scene can be either subdued or as 
vibrant as the human experience of a day-time scene.  There are significant 
changes in the relative spectral distributions between sunset and sunrise.  
Atmospheric extinction results in a much warmer appearance of the moon when 
close to the horizon than at other times at higher moon altitudes. 
Natural nocturnal lighting is not relatively static but constantly changing.  There is 
constant change in: 
 The horizontal illuminance (Eh) of moonlight; 
 Illuminance in a plane perpendicular to the direct line-of-sight with the moon 
(Epp); 
 The ratio Epp:Eh; 
 The direction and quantity of light providing 3 dimensional depth and 
effecting natural camouflage; 
 Moon phase; 
 Moon luminance; 
 The spectral characteristics of available light; 
 Light polarisation patterns; and 
 Light polarisation pattern movement. 
Therefore a single metric, illuminance on the horizontal from mean full moon in the 
zenith position is an unsatisfactory benchmark for assessing acceptable unwanted 
artificial light at night in the environment. 
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3 Artificial light at night 
3.1 Introduction 
Electric light is often referred to as “artificial” light.  ‘Artificial’ according to the 
Macquarie dictionary means man-made and therefore all light other than that 
occurring in nature such as sunlight, moonlight, bioluminescence, lightning, Aurora 
Australis, and presumably light from fire providing the fire starts naturally and not 
made by man, is artificial light.  However, at a molecular level light is the result of 
photons of energy being produced at specific frequencies as a result of electrons 
changing from a highly excited state to a lower energy state both in nature and man-
made lighting.  Man-made light is not artificial in the same sense that a synthesized 
hydrocarbon product is provided as an artificial wood product.  A fire started in 
nature produces light in the same way as a fire made by man and that will not be 
too dissimilar to light from the flame of an oil lamp, that is, light from combustion. 
Lighting that is the subject of this thesis is lighting in the outdoors environment.  
With respect to light outdoors, artificial light by definition includes: 
Light from combustion (other than by electric powered processes): 
Oil lamps – the fuel includes animal fats such as whale oil, olive oil, colza oil, 
liquid paraffin. 
Gas lamps – gas used in the nineteenth century was produced by distilling coal 
whereas gas in more recent decades is likely to be liquid natural gas. 
Gas flares – a safety measure required as part of the process of extracting 
hydrocarbons from Earth in both terrestrial and aquatic locations and also as 
part of the processing of the hydrocarbons into various fuels. 
Light requiring electricity – from carbon arc lamps to present day with improvements 
in lamp technology and efficacy. 
 Hypothesis 2 
Artificial light outdoors at night produced little impact in Australia until the invention 
and proliferation of electricity, electric lighting and the motor car. 
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3.2 Light from combustion 
 Street lighting 
Early outdoor lighting was primarily outside businesses such as taverns as it was 
required by Councils (http://www.emelbourne.net.au/biogs/EM01432b.htm) and on some 
street corners. As the settlements developed into towns and cities, street lighting 
became the dominant outdoor lighting until electric lighting appeared and social 
sporting activities flourished. 
3.2.1.1 Oil lamps 
The earliest street lighting in Australia was by oil lamps particularly for Sydney and 
Melbourne and likely in the other settlements as well.  The use of colza oil (made 
from rape seed) is mentioned with Melbourne noted as having 200 lamp posts with 
colza lamps in 1851, expanding to 414 by 1860 
(http://www.emelbourne.net.au/biogs/EM01432b.htm). 
Governor Darling arrived in Sydney in 1826 and requested a report on the means 
and costs to light Sydney streets.  Despite the report containing information on ‘oil 
gas’ the first oil lamp was lit in Macquarie Place 7th April 1826 (Keating, 1974, p18).  By 
March 1827 Sydney is claimed to have 100 lamps and street lamps to be “… placed 
50 yards apart diagonally”.  A contract was awarded for keeping the oil lamps 
lighted from half an hour after sunset until sunrise. 
The oil lamps in Sydney were reported “to be of inferior quality to those in London” 
(http://history.cityofsydney.nsw.gov.au/sydneystreets/Minding_the_Streets/Lighting_Up/51_28_2742.ht
ml 12 June 2014, City of Sydney Archives CRS 30/1/1). 
3.2.1.2 Gas lamps 
Sydney with a part-convict population of less than 30,000, was the first town in 
Australia to manufacture gas and distribute it throughout.  On the 24th May 1841 the 
Australian Gas Light Company, first lit its lamps, a total of 181 lamps of which 22 
were street lights (http://www.austehc.unimelb.edu.au/tia/816.html, Manufactured Gas, 
http://history.cityofsydney.nsw.gov.au/sydneystreets/Minding_the_Streets/Lighting_Up/default.html 12 
June 2014). 
Melbourne followed in 1856, Hobart 1857, Adelaide 1863, Brisbane 1865, and Perth 
1885, Gas lighting also spread to provincial areas.  In Victoria the towns of Kyneton 
(1859), Ballarat (1858), Castlemaine, Talbot, Bendigo, Geelong and in Tasmania 
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Launceston, enjoyed the benefits of gas lighting from 1860, 
(http://www.austehc.unimelb.edu.au/tia/816.html, Manufactured Gas, Keating, 1974, p70). 
In the 1880’s prosperity resulted in 19 gas plants being constructed in Victoria, 17 
gas plants constructed in New South Wales, and 6 gas plants constructed in 
Queensland. 
The Lighting Committee Report of the City Council of Sydney, Appendix page 7, 
indicates that the new “batswing” gas lamp is “… equal to at least eight Oil Lamps” 
(http://history.cityofsydney.nsw.gov.au/sydneystreets/Minding_the_Streets/Lighting_Up/51_28_2742.ht
ml 12 June 2014, City of Sydney Archives CRS 30/1/1). 
Typically Gas Lamps were installed on street corners and often adjacent 
businesses, many of which were taverns and hotels.  In Sydney the Lighting 
Committee Report of 1843 notes 165 Gas Lamps and lists each location.  Further, 
the report indicates plans for a total of 345 Gas Lamps to complete a list for specific 
streets on the basis of a Gas Lamp “…every seventy yards”.  As 94 Gas Lamps 
already existed the plan was for a further 251; an increase of 152 percent. 
London gas burners were rated at 10 candle power (1886) but it was noted that if 
compressed naphthalene balls or sticks were added the light would increase to 30 
candle power (Gledhill, 1981, p13).  Welsbach mantles were invented and became 
commercially available in the late 1880’s and 1890’s increasing the light from a gas 
light approximately three fold (Gledhill, 1981, p16).  Interestingly, a copy of an 
advertisement by Wentworth & Co, Gas Engineers, London, dated 1890, advertising 
Welsbach incandescent gas-light states: 
“It has all the advantages and brilliancy of the Electric Light, and none of its 
drawbacks, at one-fourth the cost of the Electric Light.  Price 10s each complete.” 
(Gledhill, 1981, p19). 
In summary, with time, more outdoor night lighting was appearing in each of the 
cities noted above.  The lumen output of each luminaire significantly increased and 
the number and density of luminaires was increasing. 
Disadvantages of gas in the 1800’s: 
 The early gas lamps required someone to light them, 
 Gas distilled from coal was not of consistent quality and contained 
poisonous gases such as carbon monoxide and carbon dioxide. 
 Gas distillation plants produced atmospheric pollution within cities. 
 The cost of underground gas distribution infrastructure.  This was obviously 
a concern as the Lighting Committee Report of the City Council of Sydney   
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indicates that compared to London “...Sydney averages one light per nine 
yards of main whilst London averages five per yard”, 
(http://history.cityofsydney.nsw.gov.au/sydneystreets/Minding_the_Streets/Lighting_Up/51_28
_2742.html 12 June 2014, City of Sydney Archives CRS 30/1/1). 
 Petroleum and liquid natural gas exploration 
Kerosene was first produced in 1852 in Hartley Vale in the Blue Mountains in New 
South Wales.  In June 1901 the SS Turbo sailed into Melbourne's Hobson’s Bay 
with the first cargo of bulk kerosene ever to reach Australia (http://s04.static-
shell.com/content/dam/shell-new/local/country/aus/downloads/corporate-identity/shell-100-years.pdf, 
p6). 
The first noted oil field in Australia was discovered in 1924 at Lake Bunga, 
Gippsland, Victoria whilst drilling a well for water.  “Over 60 follow-up wells were 
drilled and by 1941 the field had produced more than 8,000 barrels of heavy oil”, 
(http://www.petroleum-acreage.gov.au/2007/html/geology/gippsland/exp_history.html).  In 1953, a 
well was drilled in Rough Range in Western Australia and produced oil but it was 
small and not commercial.  Oil was discovered at Barrow Island in 1964 
(http://en.wikipedia.org/wiki/WAPET) and a major commercial oil field was discovered in 
the Bass Strait in 1967, the Kingfish Field (refer Figure 3.1).  This meant that for the 
first time Australia was not completely reliant on imported oil for the production of 
petrol, diesel, jet fuel, avgas, bitumen, plastics, LPG, kerosene and shipping fuel oil. 
Gas was discovered in the Cooper Basin in the 1960’s, 
(http://www.pir.sa.gov.au/petroleum/prospectivity/exploration_and_development), in 1965 off-
shore in the Gippsland shelf (http://www.exxonmobil.com.au/Australia-
English/PA/Files/publication_bs_40th_anniversary.pdf).  In 1966 gas was discovered at 
Dongara, in 1971 gas was discovered on the NW Shelf and in 1973 gas was 
discovered off Barrow Island (http://www.chevronaustralia.com/aboutchevronaustralia/history).  
Liquid natural gas (LNG) export has increased and is an important aspect of export 
income for the Australian economy. 
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Figure 3.1  Oil and gas wells in Australia. 
The blue lines define sedimentary basins, the black dots represent wells (adapted from 
Geoscience Australia http://www.ga.gov.au/webtemp/image_cache/GA5874.jpg). 
 
Off-shore platforms use gas flares to burn-
off various products as a production 
process safety requirement. Off-shore gas 
usually requires on-shore processing plant 
which also use gas flares as part of 
production process safety requirements  
(refer figure 3.2).  Gas flares produce 
significant quantities of light. 
3.3 Light requiring electricity 
Early outdoor lighting powered by electricity was not limited to street lighting 
examples as there was also lighting for specific events and isolated examples of 
large areas using small numbers of luminaires, however, the most significant use of 
electricity and lighting was the systematic installation and spread of street lighting. 
A GEC catalogue (GEC catalogue Sept 1935, p551) of available lighting from the United 
Kingdom indicates that ‘Osira’ 250W (9,000 lm) and 400W (17,000 lm) electric 
Figure 3.2  Off-shore platforms can 
have gas flares that vary depending on 
circumstances and if manned will also 
be floodlit. 
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discharge lamps were available in 1935.  The catalogue also indicates a number of 
floodlights were available to suit the ‘Osira’ lamps and also to suit 300W to 1500W 
incandescent lamps.  Reflector housings for incandescent lamps 500W to 1500W 
were available as “specials for greyhound and speedway racing tracks” (GEC 
catalogue Sept 1935, p612). 
Incandescent lamps were also manufactured in Australia in the Electric Light 
Manufacturers Australia Pty Ltd (ELMA) premises in Hamilton, New South Wales 
from 1931.  The largest incandescent lamp made at ELMA was 1kW (from my 
personal collection).  ELMA was not the only incandescent manufacturer as 
independent manufacturer Australian Consolidated Industries made light globes 
from 1945 to 1975 (http://www.powerhousemuseum.com/collection/database/?irn=426802 18 
June 2014). 
Apart from symmetric projector floodlights with glass lens, GEC also advertised an 
asymmetric ‘Duroflux’ floodlight that faced downwards and forwards which was 
promoted with text that stated “their construction assures that no upward light is 
wasted…”.  In the late 1980’s during employment with Philips Lighting and travel in 
Australia and New Zealand and field studies of sports lighting (Shotbolt, 1989, pp 113-
117) these GEC floodlight housings were noted on various outdoor applications. 
 Road lighting 
3.3.1.1 Earliest road lighting 
Electric road lighting (street lighting) appeared in Brisbane 1882, Melbourne 1888 
(two only but in 1894 streets in the central city were lit), Sydney 8 July 1904, Hobart 
1914, (http://www.scholzelectrical.com.au/history/electricity-in-brisbane-1882-1888/, 
http://www.onlineopinion.com.au/view.asp?article=2485&page=0, 
http://www.australiangeographic.com.au/blogs/on-this-day/2013/07/on-this-day-sydney-gets-electricity, 
http://www.utas.edu.au/library/companion_to_tasmanian_history/H/Hobart.htm).  Tamworth was 
the first provincial town in NSW to have electric street lighting switched on 9th 
November 1888, followed in 1891 by the towns of Young, Penrith, Moss Vale, and 
Broken Hill. 
In Queensland, Charters Towers received electricity in 1897, Rockhampton 1898, 
Toowoomba 1905, Warwick 1912 and Ayr 1914,  
(http://en.wikipedia.org/wiki/History_of_electricity_supply_in_Queensland). 
The first electric powered street lighting used carbon arc lamps resulting in a 
significant increase in the lumen output of each luminaire.  Referring to gas lighting:  
“These produced about 40 candlepower of light each. At busy intersections, the 
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strongest gaslights shone at 400 candlepower. “There is no comparison between 
the old and the new style of lighting,” reported the Sydney Morning Herald on 9 July 
1904, the day after the electric arc lights were switched on – each shining at 2000 
candlepower.” (http://www.australiangeographic.com.au/blogs/on-this-day/2013/07/on-this-day-
sydney-gets-electricity). 
The advantages of carbon arc lamps were: 
 Super bright light, capable of lighting a large length of street or a large factory 
interior,    2 – 7 lumens per watt (the best rating being for enclosed lamp); 
 Cheaper to light streets with the arc lamp than gas or oil lamps. 
The disadvantages of carbon arc lamps were: 
 Carbon rods had to be replaced after a short period of time - a full time job in a 
city.  Lamp life 1890s (life of carbon rods): 75 hrs average, increased in 1911 to 
175 hrs; 
 Produces UV-A, UV-B, and UV-C – refer Figure 3.3 showing the comparison of 
typical spectral distribution of light carbon to sunlight; 
 Produced a buzzing sound and flickering as the light burned; 
 Created large amounts of RFI (radio frequency interference); 
 Dangerous: a fire hazard, many theatres burned as a result of the excessive 
heat or sparks emitted and an unenclosed lamp could easily electrocute or 
severally burn technicians. 
 Carbon monoxide emissions. 
Carbon arc lamps within frosted glass enclosures reduced the UV exposure slightly, 
however, by today’s standards a dangerous light source with much radiant energy in 
the blue and UV range of the spectrum. (http://www.edisontechcenter.org/ArcLamps.html). 
 
3.3.1.2 Developments in the twentieth century 
In the twentieth century electric lamp technology continued to develop increasing 
the flux from each lamp and the luminous efficacy: low pressure discharge 
developing into high pressure discharge as indicated in Figure 3.4. 
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Figure 3.4  An approximate visual time-line showing the development and 
commercialization of discharge lighting. 
(adapted from http://www.edisontechcenter.org/ArcLamps.html). 
Figure 3.3  Spectral distribution of sunlight (yellow), compared to light carbon (blue). 
Other spectra unknown (http://www.edisontechcenter.org/ArcLamps.html). 
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The GEC catalogue (GEC catalogue Sept 1935, p551) indicated that one of their electric 
gas discharge lamps was first used in Wembley (UK) June 1932.  Sydney 
purchased high intensity discharge (HID) semi cut-off street ‘lanterns’ in 1965 
State No Luminaires 
NSW 554,265 
VIC 462,527 
ACT 67,371 
SA 198,670 
WA 199,552 
QLD 388,510 
TAS 44,117 
NT 20,188 
Table 3.1  Number of electric road lighting luminaires in Australia in 2003. 
suitable for 250 and 400W lamps (lamp type not specified) 
(http://history.cityofsydney.nsw.gov.au/sydneystreets/Minding_the_Streets/Lighting_Up/default.html 12 
June 2014, City of Sydney Archives CRS 268/4754). 
The number of electric lighting luminaires for public lighting in Australia in 2003 is 
indicated to be 1.94 million made up as follows (Australian Government Department of the 
Environment and Heritage Australian Greenhouse Office, 2005, p17-18), Table 3.1:  Major road 
lighting being lit 65.6 percent by high pressure sodium (HPS), and 33 percent 
mercury vapour (MV).  Minor roads lit primarily by MV 69.3 percent and fluorescent 
19.3 percent (Australian Government Department of the Environment and Heritage Australian 
Greenhouse Office, 2005, p2).  Road lighting was predicted to increase at a rate of 1½ to 
2 percent per annum thereafter, that is, approximately 2.46 million in 2015. 
3.3.1.3 Motor cars 
In the 1950s 1 in 10 families owned a car (http://historyofcars.com.au/1950-1960).  In 
Australia at the time that was 1.85 million cars (http://www.skwirk.com/p-c_s-14_u-189_t-
505_c-1865) and the cost of a car was 68 times the average weekly wage.  In 2013 
the Australian Bureau of Statistics indicated that vehicle ownership had increased to 
717 vehicles per 1000 people 
(http://en.wikipedia.org/wiki/List_of_countries_by_vehicles_per_capitaCar ownership). The number 
of passenger vehicles in 2013 exceeding 13 million, an increase of 2.7 times.  If the 
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average family car in 2013 was $39,990 (Toyota Camry) and the average adult 
weekly wage $1,400.00, (http://www.macrobusiness.com.au/2013/05/what-is-the-typical-
australian-income-in-2013/) the car is 27.6 times the average adult weekly wage or 2.4 
times more affordable than in 1950 which may be a factor in the increase per capita 
since 1950. 
 Outdoor lighting for social and sporting events 
Electric lamp technology continued to develop during the 20th century increasing 
lamp flux and luminous efficacy: low pressure discharge developing into high 
pressure discharge sources.  Also, relatively cost effective linear tungsten halogen 
lamp technology taking over from large 1kW incandescent lamps and being a 
modest cost alternative to high intensity discharge lamp technology (refer Figure 
3.4). 
With such large lumen packages and reduced high intensity discharge lamp sizes, 
floodlight products developed as the demand for social and sporting events 
increased and floodlighting proliferated with the assistance of Government sports 
grants and Australia’s desire to be perceived as a sports nation on the world stage.  
Floodlighting increased also for security particularly under schemes such as 
‘Neighbourhood Watch’; for outdoor industrial facilities including container terminals, 
oil refineries, mineral processing facilities and mining; also for decorative lighting of 
building facades and landscapes. 
Lighting for social events uses coloured light with either static or dynamic effects, 
often laser and or LED and controlled by computer software technology.  Whilst 
electronics and control by programmed computer routines may be relatively recent 
developments, the use of coloured light is not new.  Coloured light was possible 
even with gas lighting.  Gas celebrations were organized with a multiplicity of small 
lights and “A coloured flare was often included.  The colours were produced by 
adding various chemicals to the gas as it was burnt in an open dish.  These flares 
had flames which could be up to 3 feet (1 metre) high.” (Gledhill, 1981, p12).  Also, the 
GEC Catalogue (GEC catalogue Sept 1935, p551) lists red, blue, green and sodium 
yellow as being available in their electric discharge lamps. 
3.3.2.1 Outdoor sports lighting 
Sports lighting increased with the advent of television which fuelled public interest 
which attracted sponsorship which led to increasing numbers of venues being 
floodlit for the purpose of television broadcast. 
 
Chapter 3  Artificial light at night 
114 
The ABC first used outside broadcast vans at the 1956 Olympics in Melbourne 
(http://nma.gov.au/collections-search/display?app=tlf&irn=10202, 19June 2014).  Television also 
broadcast the Apollo 11 moon landing live in Australia on the 20th July 1969.  In 
1975 colour television was introduced on 1st March and on 24th September the 
Victorian Football League Grand Final was broadcast live to viewers in Melbourne 
for the first time (http://en.wikipedia.org/wiki/Timeline_of_Australian_television, 19 June 2014). 
The number of major floodlight venues with sufficient lighting for colour television 
broadcast has increased with the Australian Rugby League listing 54 stadium 
venues around Australia and claiming that “in 2009 it was the most watched sport 
on television” (http://en.wikipedia.org/wiki/List_of_Australian_rugby_league_stadiums_by_capacity, 
19 June 2014). 
In the late 1970’s Kerry Packer sought to increase business in a plateauing 
television industry and also having to comply with the Australian Government 
requirement for local program content, viewed increasing live sports broadcasts as 
a viable avenue of business.  With the advantage of colour television broadcast, 
Kerry Packer was eventually successful in promoting cricket by injecting substantial 
capital and using political allies and ultimately established night cricket which clearly 
required the establishment of major floodlit venues suitable for CTV broadcast. 
(http://en.wikipedia.org/wiki/World_Series_Cricket#Kerry_Packer_and_the_Australian_television_indus
try). 
Cricket has contributed to lighting of the night environment with the floodlighting of 
major venues such as The Melbourne Cricket Ground (MCG), The Sydney Cricket 
Ground (SCG), the North Sydney Cricket Ground, the Western Australia Cricket 
Association ground (WACA), the Brisbane Cricket Ground known as ‘the Gabba’ 
and also Adelaide Oval. 
The Australian Tennis Open was broadcast in 1973 and has continued; since that 
time tennis broadcast has expanded to other venues and other contests including 
the Brisbane, Hobart and Sydney Internationals and also the Hopman cup 
(http://en.wikipedia.org/wiki/List_of_Australian_rugby_league_stadiums_by_capacity). 
With the success of Australian Hockey on the international sports scene, 
sponsorship and funding grants for all-weather floodlit competition level hockey 
venues saw a rapid increase in the number of venues becoming available in the late 
1980’s and early1990’s in the lead-up to the 1994 World Cup hosted by Australia at 
Homebush, New South Wales.  Hosting a world cup event is a prerequisite for any 
country which is to host an Olympic Games (Sydney 2000 Olympics).  Fields were 
lit with multiple 1.5kW and 2kW metal halide floodlights on 6 and 8 pole lighting 
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schemes to competition and training standards, particularly venues within 
reasonable travel distance to Homebush. 
In the late 1980’s and the 1990’s many greyhound and trotting tracks had floodlight 
schemes significantly upgraded using metal halide floodlight technology to allow 
colour television (CTV) broadcast.  Many venues had new floodlighting installed for 
CTV broadcast.  The main purpose was to facilitate and enhance sports betting. 
Small sporting clubs could apply for sports grants to assist with the floodlighting of 
their venues in accordance with Australian Standard AS2560 Sports Lighting. 
 Electric power proliferation 
Early electric power distribution was restricted by the difficulties of distribution, 
primarily the losses in transmission cables limiting the distance power cables could 
be run from the power source.  This limitation meant many power generation plants 
were required to supply a relatively limited area.  There was antagonistic 
competition between the installation and development of direct current (DC) and 
alternating current (AC) systems. (http://en.wikipedia.org/wiki/War_of_Currents).  
However, with the invention of enclosed AC transformers that could step voltages 
up or down meant power stations could be placed much further apart than anything 
associated with DC at that time.  It also meant significantly less maintenance was 
required as the transformers had no moving parts.  In addition, power stations could 
be located outside metropolitan areas thereby reducing metropolitan pollution.  In 
summary, AC as a system was significantly more cost effective and practical for the 
majority of applications. 
Initially the power plants were relatively small and serviced small areas but that 
rapidly changed as networks and needs expanded and businesses amalgamated 
and governments became involved in power generation and distribution.  Private 
business and government participation has changed over time and is different in 
each State. 
Electricity generation commenced in Sydney in 1904 at Pyrmont under the Electric 
Lighting Committee of the Municipal Council of Sydney with an installed capacity of 
1500kW and produced an annual income of £4,061.  In 1907, three years after 
switch on, Pyrmont power station supplied energy to 2 DC substations and 11 AC 
substations and assets included 93 miles of mains with 701 lamps of various types 
and intensities providing public lighting (Anderson, 1955, p38).  By 1949 the installed 
capacity of Sydney County Council was 374,500kW and in 1954 the annual income 
was £18,312,193, (Anderson, 1955, p255) indicating a significant increase in business. 
 
Chapter 3  Artificial light at night 
116 
 
 
Figure 3.5  Growth in power generation 1945 to 1988 
(http://www.austehc.unimelb.edu.au/tia/800_image.html#21 - Technology in Australia 
1788-1988, Chapter 11, IX Electric Power Generation and Distribution). 
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In NSW in 1945 there were 188 separate generating and distribution bodies but 
these were gradually amalgamated, until in 1959 there were 69, and in 1980 these 
were reduced further to 26 and since then it has changed again.  The details of 
power generation throughout Australia is not particularly relevant to this thesis, 
however, the increase in generation capability and distribution is an indication of 
one of the factors in the proliferation of outdoor electric lighting throughout Australia 
(refer Figure 3.5) showing a significant increase between 1945 and 1988. 
3.4 Industrialization, shift work, commercial and retail expansion 
The permissible trading hours for businesses has changed since the beginning of 
the twentieth century, with significant changes occurring in the latter part of the 
twentieth century and with the popularity and boom in internet on-line trading there 
is pressure to completely deregulate trading. 
Legislation such as the Early Closing Act 1898 in Western Australia, and the 
Factories and Shops Act 1900 in Queensland are examples of the earliest 
restrictions on trading hours. 
Regional shopping centres developed in the 1960s; Roselands regional shopping 
centre in Sydney was built in 1965.  Westfield’s built 5 centres in New South Wales 
in the 1960’s before expanding into Queensland and Victoria.  Independence and 
use of the motor car increased (refer section 3.3.1.3) and shopping centres meant 
large parking areas to accommodate motor cars and floodlighting large outdoor 
areas to accommodate late night shopping. 
Currently there are no restrictions on trade in the Northern Territory or The 
Australian Capital Territory.  New South Wales does not permit trade on Good 
Friday, Easter Sunday, prior to 1pm on Anzac day, Christmas Day and Boxing Day 
although small shops and exempt shops do not necessarily have to comply with 
those requirements. 
3.5 Population growth 
As indicated in section 3.2.1.2, the population of Sydney in 1841 was approximately 
30,000 people, although it is not clear if that was just the convict population or 
included settlers who were not convicts.  Also it was not clear if there was a 
boundary that was considered to be ‘Sydney’ and if the 30,000 people were only 
within that boundary.  Regardless of the finer definition of the actual population at 
that time, the population was relatively small when compared to more recent times. 
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The population of Australia in 1950 was 8,178,696 
(http://en.wikipedia.org/wiki/1950_in_Australia).  The estimated population of Australia on 
the 21st June 2014 at 2259 hrs was 23,506,056 people, 
(http://www.abs.gov.au/ausstats/abs%40.nsf/94713ad445ff1425ca25682000192af2/1647509ef7e25faa
ca2568a900154b63?OpenDocument). 
The official 2011 census results indicate that the population of Sydney at the time 
was 4,391,674 residents (http://worldpopulationreview.com/world-cities/sydney-population/).  
The City of Sydney, that is, the City of Sydney council area, not greater Sydney, is 
noted as having a population in 2014 of 192,469 residents, 
(http://forecast.id.com.au/sydney/home). 
Sydney is significantly larger than it was 173 years earlier and the population is 
predicted to continue to increase at a rate of 1.5 to 2 percent per annum 
(http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features10Jun+2010).  
Population increase is a combination of birth rate and mortality within the existing 
population and also net overseas migration (https://www.immi.gov.au/media/fact-
sheets/15population.htm, http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/3218.0Feature).  
Figure 3.6  Growth in population from 1973 to 2013 and predictions for 40 years into 
the future 
(http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/3218.0Feature). 
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Figure 3.6 indicates population growth in the capital cities of Australia between 1973 
and 2013 with projections of anticipated growth forward 40 years to 2053. 
3.6 Conclusion 
Man-made, or artificial light, has only become significant in relatively recent history.  
Oil lamps and gas lanterns and also early electric lighting were limited both by the 
technology and the distribution infrastructure cost and maintenance to provide the 
energy to those light sources.  Once alternating current electricity technology 
developed the tyranny of distance was much less of an obstacle to providing energy 
in a method more convenient to consumers.  Social development along with 
population increase combined with technological developments in lighting and 
television communication plus increased affluence has seen an increased use of 
outdoor floodlighting across a diversity of venues from back yards to major venues 
to accommodate that consumer demand. 
The development of the motor vehicle, the greater affordability of a motor vehicle in 
recent decades and the expansion of populations when combined with the ease of 
distribution of electric power over significant distances has seen a rapid expansion 
of street and road lighting.  The discovery of underground reserves of oil and gas 
has fuelled a dramatic increase in motor vehicles providing easy mobility for people 
to attend lit night-time venues whether for shopping or social activities.  To support 
the increased activity and change in life patterns and work shifts more 24 hour 
industrial operations have developed. 
One of the important questions that arise relates to the threshold values of ambient 
night-time light that apply to the biota beyond which there is a negative effect on any 
particular species.  Another question would be how quickly can a species adapt to a 
different ambient night-time environment than that that existed previously? 
The information provided above in this chapter would suggest that a null hypothesis 
that artificial light produced significant impact in Australia before the invention and 
proliferation of electricity, electric lighting and the motor car is highly unlikely, 
therefore, hypothesis 2 is supported.  That is, that artificial light produced little 
impact in Australia until the invention and proliferation of electricity, electric lighting 
and the motor car. 
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4 Effects of artificial light at night outdoors on the natural 
world 
4.1 Introduction 
Information provided in Chapter 1 illustrated that all biota require energy and for the 
majority of life that energy is derived from light.  The largest portion of the world’s 
biomass belongs to the super kingdom Prokaryotes and inhabits both the aquatic 
and terrestrial environments.  The super kingdom of Eukaryotes also inhabits 
aquatic and terrestrial environments and includes the more familiar kingdoms of 
Flora and Fauna.  Chapter 3 indicated that an increasing population, the availability 
of electric power and lighting technologies plus the mobility of people combined with 
night-time social activities and the need to embrace 24 hour commerce has resulted 
in night-time artificial lighting expanding at a rapid rate.  Artificial outdoor lighting at 
night affects the natural world. 
This chapter is a general summary of known responses of biota to artificial light at 
night.  The categories of species are provided in the same order used in the 
Threatened Species Classification data referenced in the Environment Protection 
and Biodiversity Conservation Act 1999 for consistency and ease of cross-reference 
and also to highlight the emphasis on vertebrates and the deficiency relating to 
other biota.  Some terms are noted indicating their relevance and usefulness in 
application to this topic and also their lack of application, suggesting research is 
required to overcome that deficiency. 
 Hypothesis 3 
Change in ambient outdoor lighting conditions at night caused by artificial lighting 
results in loss of species. 
4.2 The natural world and artificial light at night 
Electromagnetic radiation from ultra violet (UV) through to near infra-red (NIR) 
affects most life on Earth.  However, with the diversity of biota on Earth the 
discovery of new species and recording of the diversity of life is on-going (White, M. 
E., 2003, p16).  Little is known about the visual response of many species to man-
made light and even less is known about behavioural changes and/or habituation as 
a result of that electromagnetic radiation. 
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 Behavioural change in response to artificial light at night 
4.2.1.1 Fish 
Light has been researched often for the purposes of commercial gain.  In a 
behavioural study of electric light on some species of fish of commercial interest it 
was indicated that the behavioural response was species specific (Marchesan et al, 
2004).  Overall the common grey mullet and gilthead sea bream showed the 
strongest attraction to light.  Striped bream were attracted to white (halogen) light at 
all illumination levels whereas the European sea bass was neither attracted nor 
inhibited by the presence of light.  The common grey mullet also exhibited a strong 
positive response to coloured light whereas the striped bream showed no significant 
reaction to coloured light. European sea bass were repelled by blue (460nm) and 
green (525nm) light and the sea bream were repelled by all coloured light ((violet 
(410nm), blue (460nm), green (525nm), yellow (580nm), orange (600nm) and red 
(650nm)). 
Some fish are attracted to 
light and to the prey, that 
is, attracted to that same 
light and in the process 
also become prey to 
larger species.  Figure 4.1 
is a poor quality 
photograph that has been 
modified to emphasise 
the feeding frenzy where 
only rapidly moving fins 
can be seen on the 
surface but all shapes 
and sizes boil in a 
cauldron of activity 
beneath, including small 
sharks as witnessed first-hand. 
Unfortunately there is no information at the current time relating specifically to the 
fish noted in the Threatened Species data base (refer Table 4.2 and Appendix B). 
 
 
 
Figure 4.1  Fish feeding frenzy at night in the light spill 
from the end of the jetty of an iron ore loading facility, 
Cape Lambert, WA. 
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4.2.1.2 Frogs 
Frogs whether aquatic or terrestrial tend to exhibit seasonal behaviour.  Frogs tend 
to move towards blue light (<500nm) and some respond to both blue (<475nm) and 
red (>600nm) light depending on whether or not the frog is dark adapted (Buchanan, 
2006, p211).  Frogs are capable of foraging in an environment where the illumination 
is 10-6 to 10-5 lux at which point a frog can still discern light against dark or dark 
against light and prey movement. Frogs can also feed in much brighter 
environments. 
Male frogs adjust mate calling to avoid predation by frog eating bats:  in higher 
illuminance environments they call from exposed locations according to Buchanan, 
to be able to see predators, but from low illuminance environments they remain 
concealed. 
The majority of frogs are phototaxic with a small percentage negatively phototaxic 
(Buchanan, 2006, p200).  Frogs have been found in concentration around street lights 
due to the concentration of prey in these locations but frogs are also more 
vulnerable to predation at those locations and to death by automobile (Buchanan, 
2006, p199). 
Once again, at the current time, there is not an abundance of information on 
behavioural response in the wild to artificial light and the thresholds that trigger 
specific responses.  Species that have been noted as nocturnal have also been 
observed to function occasionally during the day. 
4.2.1.3 Reptiles  
Marine turtle hatchlings are noted as relying on visual cues during the first 
vulnerable stage where they scramble from the nest to the sea (refer section 
1.7.1.5).  Artificial light has been shown to be responsible for providing mis-
orientation information to hatchlings resulting in hatchlings moving away from the 
ocean and towards brighter sources such as street lights etc. (Witherington and Martin, 
1996, p6, Bourgeois et al 2009, pp8-93, Harewood and Horrocks 2008, pp394-401).  Also 
Witherington and Martin indicate that the presence of artificial lighting deters nesting 
emergence by adult females although Weishampel, et al (Weishampel et al, 2006, p453) 
suggest that having reviewed various studies for nesting in Florida over several 
decades, that there was little change in nesting patterns which included the impact 
of human habitation.  Lighting does not necessarily always deter nesting, there are 
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always exceptions, refer section 4.2.3, or perhaps it simply is adaptation to 
circumstances. 
There is a great diversity of reptiles and a diversity of lit environments; reptiles that 
are primarily diurnal, reptiles that are primarily nocturnal, reptiles that are both 
diurnal and nocturnal, and those that are diurnal but reproduce nocturnally (Perry and 
Fisher, 2006, p175). 
Some snakes are noted as making no change to behaviour regardless of the 
lighting conditions in certain experiments. 
Gecko’s benefit from night lighting and some diurnal reptiles increase their feeding 
opportunities to night-time by electric light.  Whilst this increases their vulnerability to 
predation it may also mean a collection of species at a point that would not normally 
mix. 
According to Perry and Fisher (Perry’ Fisher, 2006, p185) “… we know relatively little 
about the effects of artificial lights on reptiles other than sea turtles.” 
Unfortunately, apart from some marine turtles there is no information at the current 
time specifically relating to most reptiles and specifically those noted in the 
Threatened species data base (refer Table 4.2 and Appendix B). 
4.2.1.4 Birds 
Marine birds that have the greatest vulnerability to artificial light are nocturnal birds 
that feed on bioluminescent prey (Montevecchi, 2006, p102) which includes species 
listed in the Threatened Species data base and Migratory Species data base, such 
as Petrels, Storm-petrels, Frigatebirds and Antarctic Terns.   Light houses, gas 
flares, floodlit oil and gas platforms, light induced fisheries, floodlit ships, coastal 
lighting, communication towers, ceilometers and fires have all been cited as 
contributing to the fatality of marine birds (De Molenaar et al, 2006, p117 and Gauthreaux 
and Belser, 2006, pp67-81).   
Whilst strobe lights on towers have some effect, the greatest effect is attributed to 
red light with change of flight pattern, ‘light capture’, and mortalities with indications 
that this is attributed to interference with magnetic compass capabilities.  However, 
interestingly, one study indicates that there has been a  “decline in tower fatalities 
over the last 20 years … more work is needed to distinguish between the roles of 
evolutionary adaptation, behavioral habituation, declining populations of migratory 
birds, changing weather conditions and changes in tower lighting systems …” 
(Gauthreaux and Belser, 2006, p77). 
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Also it has been suggested by Montevecchi (Montevecchi, 2006, p97) that marine “birds 
are more attracted to light during low cloud cover and overcast skies, especially 
foggy, drizzly conditions that are pervasive in many ocean regions.”  Whilst it has 
been noted that there is an age vulnerability for example “fledgling storm-petrels, 
petrels, shearwaters … are more attracted to artificial light than adults.” (Montevecchi, 
2006, p102), however, “…adult passerines are more attracted to lighted coastal 
structures than are juveniles …”. (Montevecchi, 2006, p103). 
The direct effect of artificial night time lighting has been collisions and mortalities.  
The indirect effect has been light entrapment of birds into circling an artificially lit 
venue for extended periods of time.  This applies not only to off-shore platforms and 
gas flares but also to terrestrial based communication towers and ceilometers. 
Whilst there is little information currently showing the effect of artificial light on 
species in the wild terrestrial environment, one study of Black-Tailed Godwits in the 
UK indicated that “Road lighting seemed to have a negative but small effect on the 
timing of the breeding period” (De Molenaar et al, 2006, p130).  The lighting is claimed to 
have affected “quality of habitat to a distance of approximately 300m” back from the 
road lighting. 
A field study by Poot et al (Van De Laar,, 
2007, pp1-23) on different coloured light 
relative to the impact on migrating birds 
and an off-shore gas platform, 
Nederlandse Aardolie Maatschappij 
(NAM), indicated that white light caused 
the greatest disruption followed closely by 
red light and least disruption by blue light.  
However, it was noted that as blue light 
was dangerous to human health, green 
light was selected on the basis that it was 
less disruptive than red light to bird 
orientation and it was also at the peak 
sensitivity of the human visual system.  
Subsequently green filters were fitted to 
all the white light (fluorescent) sources – Figure 4.2. 
Unfortunately, apart from some specific species already noted above there is little 
information at the current time specifically relating to other species listed in the 
Australian Threatened Species data base (refer Table 4.2 and Appendix B). 
     
Figure 4.2  Nederlandse Aardolie 
Maatschappij platform with green 
filters fitted (Van De Laar, 2007, 
image on report cover). 
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4.2.1.5 Mammals 
Many terrestrial mammals are nocturnal.  According to Beier (Beier, 2006, p19) “All 
986 species of bats …” are nocturnal.  Further “… badgers and most smaller 
carnivores, most rodent (with the notable exception of squirrels), 20% of primates, 
and 80% of marsupials are nocturnal …”.  Also “ … many more are active both night 
and day”.  It would seem that there is considerable diversity in mammals’ normal 
active environment from fully nocturnal to fully diurnal, crepuscular and all variations 
in between. 
Under moonlight, for mammals, there may be fewer but more successful prey 
encounters.  There is some decreased activity during bright moonlight but some 
species do not change their activity at all such as ocelots, white-tailed deer, 
insectivorous bats (Beier, 2006, p23).  Some species show a noticeable response to 
artificial light in the wild, however, some species show no response at all (Beier, 2006, 
p30). 
Fast flying bats exploit insect attraction to city lighting and road lighting.  Slow flying 
gleaner and flutter detector bats avoid street lighting (Rydell, 2006, p48).  In some 
areas of the world this has led to competitive exclusion of species when two species 
both hunt the same prey but one species hunts in the lit zone and the other avoids 
the lit zone but the prey is attracted to the lit zone. 
Some laboratory studies indicate a shift in circadian clock in response to artificial 
light, although, studies seem to subject animals to 24 hours of darkness before 
being subject to 10 to 15 minute pulses of 1000 lux which does not replicate 
conditions in nature nor takes into account accommodation and habituation.  Beier 
acknowledges (Beier, 2006, p32), that whilst there is clearly an effect between light and 
melatonin levels, much more work is required to devise methods to measure and 
separate this from other influences such as the threat of increased predation, 
reduced foraging, and dissolution of the synchrony of oestrus and parturition. 
Also, whilst it may be that less light is better for animal movement, there is “… need 
for studies using artificial lights on natural populations” (Beier, 2006, p35) rather than 
applying limited laboratory experiment results to natural situations without proof that 
such extrapolations are appropriate. 
Further, it is interesting to note that “In most instances, … studies provided adaptive 
reasons for increased activity in moonlight.  For Example, the galagos (or 
‘bushbabies’), although nocturnal, visually detect their insect prey, and they avoid 
 
Chapter 4  Effects of artificial light at night outdoors on the natural world 
126 
predation not by concealment but by visual detection, mobbing, and flight.” (Beier, 
2006, p23). 
Whilst there does not seem to be literature currently relating the specific reactions of 
marine aquatic mammals listed in the Threatened Species data base to artificial 
light there are indications that some seals hunt by sight (http://www.pinnipeds.org/seal-
information/species-information-pages/the-phocid-seals/weddell-seal) and that some seals use 
artificial light to their advantage to hunt prey (Yurk, 2000, pp1360-1366). 
Unfortunately, apart from the specific species already noted above, there is little 
information at the current time relating to other species listed in the Threatened 
Species data base (refer Table 4.2 and Appendix B). 
4.2.1.6 Other Biota 
Insects are 
pollinators and 
therefore have a 
vital function and 
many insects are 
nocturnal.  
Captures at light 
traps reported in 
studies have 
included beetles, 
moths, aphids, flies, 
caddisflies, bugs 
and 
hymenopterans.  
The light capture 
zone for artificial light for insects is defined as the distance at which radiant energy 
from the artificial light equals the background radiant energy.  The actual distance 
seems to vary between studies (Eisenbeis, 2006, and Frank, 2006) with distances from 50 
metres to 700 metres depending on the light source and the background chosen.  A 
background of a pristine dark environment with only star light compared to light from 
a mercury vapour light source has the greatest distance, however, Frank (Frank, 
2006, p308) indicates some distances are based on retinal sensitivity and not 
demonstrated in the field and “… suggest(s) in practical terms max distance from 
light is 130m …”.  High pressure sodium had the least affect, refer Figure 4.3.  
 
Figure 4.3  Average insect catch rates (arithmetic means) for 
tested light sources (Eisenbis, 2006, p291). 
The UV filter also reduced the available road lighting to below 
acceptable standards. 
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These studies were conducted before the current trend for significant use of blue-
rich white LED road lighting. 
The light capture of insects changes with ambient lighting and temperature.  Insect 
capture varied, being highest when the background ambience was a dark night, that 
is, new moon, decreasing when bright moonlight.  It was also noted that “…fewer 
moths fly to artificial light sources on clear nights than on overcast nights …” (Frank, 
2006, p323).  According to Eisenbeis (Eisenbeis, 2006, p293) “… temperature strongly 
influenced the catches.  Numbers of insects caught at streetlamps on cool nights 
decreased nearly to zero …”. 
Also it was noted that different species are phototaxic to different degrees with the 
light capture distance varying depending on species (Eisenbeis, 2006, p286).  Frank 
(Frank, 2006, p323) notes that some moths rarely fly towards light.  Interestingly Frank 
also indicates that “… two lamps spaced near each other attract so few moths 
compared with the same lamps spaced far apart.” 
Another factor to consider is increased predation in the vicinity of artificial lighting.  
Predators include geckos, spiders, birds (Lebbin et al, 2007, pp506-508) and bats.  The 
moth evasive response on detection of bat generated ultrasonics seems to be de-
activated in bright light conditions such as at streetlights (Rydell, 2006, p54). 
Frank (Frank, 2006, p307) states that based on his work and research in the United 
Kingdom, “… evidence suggests that although individuals of most species of large 
moths fly to artificial light, populations of most of these species can persist near 
lights.  The populations that artificial light is most likely to threaten are those already 
endangered by habitat loss and fragmentation.”  Eisenbeis (Eisenbeis, 2006, p287) also 
indicates that it is the cumulative effect of various factors including changes in land-
use, clearing of forests, conversion of heath lands, the use of herbicides, the 
expansion of development, motorways and human recreation as well as artificial 
lighting, that is, changing insect populations.  Bruce-White and Shardlow (Bruce-
White, Shardlow 2011, p27) indicate that it is not possible to determine the decline in 
moth invertebrates in the United Kingdom from artificial lighting due to the added 
effects of urban development and air pollution etc. 
Currently there is experimentation on the impact of artificial light on flora and fauna 
in The Netherlands being conducted by the Netherlands Institute of Ecology (NIOO-
KNAW) and the Wageningen University (WUR) using different LED light sources.  
The monitoring of animal and plant species at the research sites is done by the 
butterfly foundation (Vlinderstichting), birding society (SOVON), mammal society 
(Zoogdiervereniging), plant society (FLORON), amphibian, fish, and reptile society 
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(RAVON) and the Dutch Centre for Avian Migration and Demography 
(Vogeltrekstation).  Research sites are located on property of the Ministry of 
Defence, Natuurmonumenten, the National Forestry (Staatsbosbeheer), Het 
Drentse Landschap, and the Ede municipality. The project is known as 
Lichtopnatuur (http://www.lichtopnatuur.org), that is, light on nature (refer Figure 4.4). 
According to Lichtopnatuur moths 
are affected by low illumination; 
pheromone production is reduced 
in female moths, moths are less 
active, feed less and are less likely 
to mate.  Moths and their 
caterpillars are important pollinators 
and herbivores and are a food 
source for birds and bats etc. 
Unfortunately, apart from some 
specific species already noted 
above, there is little information at 
the current time specifically relating to other species listed in the Threatened 
Species data base (refer Table 4.2 and Appendix B).  Also, there is an absence of 
information relating to Eukaryotes such as algae and to any Prokaryotes such as 
bacteria and viruses. 
At the Artificial Light At Night conference at De Montfort University, Leicester, the 
United Kingdom, September 2014, Hölker et al (Hölker et al, 2014, p21) indicated in a 
paper on microbial diversity and biogeochemical processes in an aquatic 
environment (agricultural drainage system in Brandenburg, northern Germany) that 
preliminary results indicated that “… artificial light at night may enhance carbon 
turnover at cold temperatures (4oC).  The results of this pilot study suggest that 
seasonal variation in microbial communities (i.e. with naturally changing light and 
temperature conditions) may be reduced in aquatic sediments that are artificially lit.” 
 Relevance of retinography 
Electroretinography (ERG) is a method of establishing the spectral range of light 
that rods, cones and various pigments in oils in any one species visual system 
might respond to.  However, that may not be sufficient to be an indicator for 
predicting a change in behaviour that may result from a change of ambient 
electromagnetic radiation in the environment and or electromagnetic radiation that 
Figure 4.4  Lichtopnatuur experimentation 
currently in progress. 
(photo by Kamiel Spoelstra) 
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is affecting the observer directly?  Marine turtles are an example where there is 
increasing information relating to electro-retinography (ERG) response to light 
from electric light sources, (Granada and O’Shea 1972, pp143-154, Witherington and Björndal 
1991, pp139-149, Copeiapp pp1060-1069, Witherington 1997, pp302-328) and to behavioural 
studies (Avens and Lohman 2003, pp4317-4325, Pendoley Environmental Pty Ltd 2004 report 
dated 12 May, pp1-48, Pendoley Environmental Pty Ltd 2005 report, pp1-20, Witherington and 
Björndal 1991, pp139-149, Biological Conservation pp 139-149, Midolo 2011, pp36-41).  Retinal 
response to any particular wavelength does not necessarily mean there will be a 
behavioural change as a result of the presence of that wavelength (refer Figure 
4.5) or a behavioural change once the radiant intensity passes a particular 
threshold.  According to Figure 4.5 the Green marine turtle has increasing 
sensitivity to light (ERG response) up to 520 nm and decreasing sensitivity from 
approximately 630nm, however, there is a declining behavioural response from 
450 nm with virtually no behavioural response at 600 nm. 
Bird visual systems respond to a diverse range of spectra including the red part of 
the spectrum based on electro-retinography investigations, however, some studies 
indicate a change of behaviour relative to lighting on tall communications towers 
(Gauthreaux and Belser 2006, pp77-86) where it is suggested that there may be a 
(Witherington and Martin (2003) p 8). 
Figure 4.5  ERG response of green turtles with 
respect to wavelength compared to orientation 
behavioural response with respect to wavelength 
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relationship between the red part of the spectrum and interference with the 
magnetic compass used by migratory birds.  Although, Gauthreaux and Belser note 
that much more work needs to be completed to confirm this relationship. 
 Response thresholds 
Even with this accumulation of information noted above, on significant endangered 
species there seems to be little information on potential thresholds that may initiate 
behavioural responses (Witherington and Björndal 1991, pp139-149, Copeiapp pp1060-1069) or 
the extent that habituation might change those thresholds.  Whilst there is 
information to suggest Green marine turtles require red light to be two orders of 
magnitude more intense than blue light to elicit a similar retinal response (Granada 
and O’Shea 1972, pp143-154), the only information indicating any potential threshold is 
produced by Pendoley Environmental Pty Ltd (Pendoley, 2005, p10). The Pendoley 
report unfortunately has many incorrectly used lighting terms, however, the report 
suggests as a result of experiments in Western Australia on Barrow island that high 
pressure sodium light in excess of 0.19 lux and fluorescent and metal halide light in 
excess of 0.05 lux cause hatchlings to respond, thereby setting those values as 
thresholds. 
It was observed first-hand on a project on the Western Australian coast at an iron 
ore facility that a beach lit by floodlights to many times in excess of bright full 
moonlight for a number of years still had turtle nesting activity although at a reduced 
density compared to other beaches in the neighbourhood that were not bathed in 
similar ambient light.  Clearly other factors were also affecting the behaviour and 
one observation does not indicate a trend. 
Bagarinao et al (Bagarinao et al 1983, p245), in a report on anchovy larvae feeding 
threshold, indicated that 10-15mm anchovy larvae had a feeding threshold 
sensitivity to broad band blue-green light (530 nm maximum) at 0.61 lux which 
meant that during the daytime in clear sky conditions they could feed at a depth of 
74m migrating to the surface at twilight.  Anchovy larvae generally do not feed at 
night. 
Whilst there are examples of thresholds relating to light and behaviour as noted 
above, there is little information on response thresholds with respect to light for the 
various species noted in the Threatened species and Migratory species data bases 
(Tables 4.2, 4.3 and Appendix B). 
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 Indirect effect of artificial light 
An indirect effect on a species is where the presence of man-made light at night 
changes the availability of a food source or vegetation.  A change in the availability 
of a food source or the presence of vegetation may change the behavioural 
response and or the population density of a species in a particular area. 
The feature floodlighting of the Sydney Harbour Bridge seasonally attracts high 
concentrations of insects and moths.  A number of bird species are attracted to that 
food source and can be observed actively chasing and feeding through the night at 
those times.  The birds adapt their daytime/night-time activity, resting periods and 
roosting locations to accommodate those opportunities. The birds roosting more 
during the day may be more vulnerable to predation.  The electromagnetic radiation 
has a direct effect on the insects and moths but an indirect effect on the birds. 
Off-shore platforms for oil and gas exploration and processing can have both 
general floodlighting and also a gas flare (refer Figure 3.2).  Keenan et al (Keenan et 
al, 2007, pp219-231), investigated the light fields around two off-shore platforms in the 
Gulf of Mexico, one located on the continental shelf and another much deeper 
located off the continental shelf (500 to 1000m depth zone).  Their conclusions were 
that light near the platforms was 10 to 1000 times more than measurements taken 
in open water at control sites and where there was a gas flare there was 
significantly more light and a spectral shift with higher values in the 555 to 700 nm 
region.  Light penetration in sea water decreased with depth and underwater 
irradiance also reduced with ocean surface roughness and wave height.  It was 
concluded that “… platforms provide an enhanced foraging environment for larval, 
juvenile and adult fishes by providing sufficient light to locate and capture prey, as 
well as by attracting and concentrating positively phototaxic prey taxa.” (Keenan et al, 
2007, p219). 
Figure 4.1 is a poor quality photo of a feeding frenzy witnessed in the water 
surrounding a jetty of an iron ore loading facility at Cape Lambert, Western 
Australia.  There was a diversity of taxa, all different sizes of fish visible in the light 
spill area including small sharks. 
Electromagnetic radiation at night may accelerate the growth of algae or be a 
contributing factor to changing an algae bloom from aerobic to anaerobic which may 
change the availability of a food source in an estuarine location known to be a 
regular seasonal location for particular migrating birds.  Whilst those birds may 
normally only forage during the daytime, use of that habitat will decline. The 
electromagnetic radiation has an indirect effect on the birds in that area. 
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 Other effects of electric light 
4.2.5.1 Magnetic compass orientation 
Long wavelengths of light in the red/orange part of the visible spectrum produced 
disorientation, or a change of direction, in 5 species of migratory birds (Beason, 1999, 
http://www.jmu.edu/wmra-eng/archive/birds/beason.html).  At this time it is postulated (Ritz et al, 
2002, pp503-506) that the orientation responses to magnetic cues of birds are 
dependent on the wavelength of light. 
4.2.5.2 Biological clock response to light 
Refer section 1.4.2.7, Figure 1.8 for a graphical representation of the biological 
clock zone defined by exposure time and illuminance compared to normal visual 
image exposure and also a possible zone for adaptation from a bright to dark 
environment. 
 Habituation / adaptation to artificial light 
This section is a collection of reports of habituation and adaptation to artificial light 
compared to what is normally noted as being an essential natural environment. 
Harbour seals were noted to hunt salmonid smolts at night at a particular location 
under bridges that had artificial lighting.  A number of experiments were performed 
to determine the most effective method of reducing the predation of the salmonid 
smolts by the harbour seal.  One of the experiments involved turning off the bridge 
lighting.  “Fewer seals were observed feeding the first night we turned off the lights 
at the upper bridge compared with the adjacent control nights when the lights were 
left on.  However, on subsequent experimental nights, we noted a progressive 
increase in the number of seals feeding in the residual light.  By the end of four 
experimental nights, numbers appeared to reach and even exceed those observed 
during comparable control nights” (Yurk, 2000, p1365).  Yurk concluded “… though the 
“lights-out” treatment was initially effective as a deterrent, the seals eventually 
habituated to the lighting change”. 
Noted above in 4.2.1.5, Beier (Beier 2006, p23) states in reference to some nocturnal 
terrestrial mammals that “In most instances, … studies provided adaptive reasons 
for increased activity in moonlight.  For Example, the galagos (or ‘bushbabies’), 
although nocturnal, visually detect their insect prey, and they avoid predation not by 
concealment but by visual detection, mobbing, and flight.” 
Also, noted above in 4.2.3, on a project on the Western Australian coast at an iron 
ore facility, a beach lit by floodlights to many times in excess of bright full moonlight 
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for years still had turtle nesting activity although at a reduced density compared to 
other beaches in the neighbourhood that were not bathed in similar ambient light.  
This behaviour is contrary to studies indicating that moonlight deters nesting 
behaviour by adult females. 
Further, as noted above in 4.2.4, the feature floodlighting of the Sydney Harbour 
Bridge seasonally attracts high concentrations of insects and moths and a number 
of bird species actively chase and feed through the night at those times.  The birds 
adapt their daytime/night-time activity, resting periods and roosting locations to 
accommodate those opportunities (private communication 17th Nov 2002, 10.09pm, 
Walter Boles, Australian Museum, Sydney re birds and city lights).  
The examples above are insufficient to conclude that habituation and adaptation to 
changing conditions of ambient night-time environment by artificial light are 
significant but it is sufficient to indicate that this should be considered a factor rather 
than simple comparison to and adherence to idealised pristine natural dark 
environments. 
4.3 Threatened fauna in Australia 
 Threatened species classification 
The Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act) 
currently has six classifications covering 451 species noted as threatened of which 
389 species trigger the EPBC Act (refer Table 4.1).  “Species listed as 'conservation 
dependent' and 'extinct' are not matters of national environmental significance and 
therefore do not trigger the EPBC Act.” (Department of Sustainability, Environment, Water, 
Population and Communities, (http://www.environment.gov.au/biodiversity/threatened/species.html)). 
The list evolves as species are added and occasionally a species classification is 
down-graded when a previously ‘extinct’ species is discovered in the wild.  The 
listing is constantly reviewed via the process noted in the EPBC Act. 
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Threatened 
species 
classification 
No of species 
@ 20/07/2014 
Classification description 
Extinct 55 
if, at particular time, there is no reasonable 
doubt that the last member of the species has 
died. 
Extinct in the 
wild 
1 
if, at that time it is known only to survive in 
cultivation, in captivity or as a naturalised 
population well outside its past range; or it has 
not been recorded in its known and/or expected 
habitat, at appropriate seasons, anywhere in its 
past range, despite exhaustive surveys over a 
time frame appropriate to its life cycle and form. 
Critically 
Endangered 
54 
if, at a particular time, it is facing an extremely 
high risk of extinction in the wild in the 
immediate future, as determined in accordance 
with the prescribed criteria 
Endangered 142 
if, at a particular time it is not critically 
endangered or endangered; and it is facing a 
very high risk of extinction in the wild in the 
medium term future, as determined in 
accordance with the prescribed criteria. 
Vulnerable 193 
if, at a particular time it is not critically 
endangered or endangered; and it is facing a 
high risk of extinction in the wild in the medium 
term future, as determined in accordance with 
the prescribed criteria. 
Conservation 
dependant 
6 
if, at a particular time: 
(a) the species is the focus of a specific 
conservation program the cessation of which 
would result in the species becoming vulnerable, 
endangered or critically endangered; or 
(b) the following subparagraphs are satisfied: 
  (i) the species is a species of fish; 
  (ii) the species is the focus of a plan of 
management that provides for management 
actions necessary to stop the decline of, and 
support the recovery of, the species so that its 
chances of long term survival in nature are 
maximised; 
  (iii) the plan of management is in force under a 
law of the Commonwealth or of a State or 
Territory; 
  (iv) cessation of the plan of management would 
adversely affect the conservation status of the 
species. 
 
  
Table 4.1  Threatened species listed with the EPBC Act and current as at 20/07/2014.  
Only some classifications trigger the EPBC Act. 
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 Threatened species of national environmental significance 
The EPBC Act lists 389 threatened species as being of national environmental 
significance as noted in Table 4.2 below. 
Table 4.2  Threatened species classifications and 
number off species threatened as listed in the 
EPBC Act 1999 (refer Appendix B for species list). 
Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Critically Endangered fish (7) 
frogs (5) 
reptiles (7) 
birds (7) 
mammals (5) 
other animals (23) 
Endangered fish (16) 
frogs (14) 
reptiles (17) 
birds (44) 
mammals (34) 
other animals (17) 
Vulnerable fish (24) 
frogs (10) 
reptiles (34) 
birds (59) 
mammals (55) 
other animals (11) 
4.4 Migratory species in Australia 
Migratory species are species that migrate to Australia and its associated territories, 
or pass through or over Australian waters during their annual migrations. 
Currently (July 2014) there were one hundred eighty (180) species listed on the 
migratory species profile and threats (SPRAT) data base. One hundred ten (110) 
species were listed under the Bonn convention of which 15 species were listed as 
threatened with extinction (Bonn Convention Appendix A). 
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The 15 species listed under the Bonn Convention as threatened with extinction are 
the Amsterdam Albatross, Manta Ray, Great White Shark, Basking Shark, 
Loggerhead Turtle, Green Turtle, Leatherback Turtle, Hawksbill Turtle, Olive Ridley 
Turtle, Blue Whale, Fin Whale, Southern Right Whale, Humpback Whale, and the 
Sperm Whale. 
The other listings are associated with CAMBA, JAMBA and ROKAMBA.  Any one 
species can be listed under one or multiple agreements. 
(Department of Sustainability, Environment, Water, Population and Communities, 
(http://www.environment.gov.au/biodiversity/migratory/index.html)).  The broad categories 
covered are indicated in Table 4.3: 
Broad categories General description 
Sharks  Sharks 
Reptiles Marine turtles 
Birds Waterbirds, seabirds 
Mammals Whales, dolphins, porpoises, seals, sea lions, dugongs 
Table 4.3  Broad categories of migratory species required to be considered in EIS 
assessments. 
4.5 Species on Australian Government data bases where light is 
specifically mentioned as a threat to Fauna 
The Australian Government threatened and endangered species data base and the 
migratory species data base have some common information.  Species that are 
both threatened and endangered as well as being migratory are listed in both data 
bases.  This includes reptiles such as marine turtles. 
In the Threatened Species data base there are 13 species from the 389 listed where 
light is noted as posing a potential threat either directly or indirectly.  There are three 
frogs, seven reptiles (six of those species are marine turtles, one is a snake), two 
mammals (a bat and a possum), and one bird (refer Appendix B for quoted text from 
Australian Government data base). 
In the Migratory Species data base there are 22 species from the 255 listed where 
light is mentioned as a threat.  That is, six reptiles (marine turtles that are already 
noted on the threatened species data base), 15 birds and one mammal (refer 
Appendix B for quoted text from Australian Government data base). 
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Some listings such as that for the Dugong and the Mountain Pygmy possum state 
that light indirectly affects the particular species, that is, the presence or absence of 
light affects the abundance of their food source. 
Some species information contains text indicating threats from “built structures … 
impact upon habitat availability and/or use (e.g. marinas, wharves, aquaculture 
installations, mining or drilling infrastructure)”.  Mining infrastructure port facilities 
include wharves, jetties, elevated conveyor systems, transfer stations, rail yards, car 
dumpers, stackers and reclaimers plus ancillary building facilities all of which have 
lighting.  Gas platforms have lighting and onshore loading facilities require lighting.  
Both involve bulk carriers, ships that have a variety of floodlights for safe loading 
and unloading processes.  It is not clear if the impact of lighting associated with the 
infrastructure is also required to be considered as a result of this general type of 
statement about infrastructure. 
4.6 Threatened Flora in Australia 
 
Classification Flora Species 
Extinct: (39) 
Critically Endangered: (136) 
Endangered: (528) 
Vulnerable: (592) 
Total: (1295) 
Table 4.4  Number of threatened flora species listed 
Threats to flora on this data base (Table 4.4) relate mostly to human intrusion and 
disturbance such as urbanisation, agriculture, mining, infrastructure corridors, fire, 
water and herbicide run-off etc.  Artificial lighting is not mentioned. 
4.7 Sky glow 
Sky glow has a natural component as well as a contribution from human activity.  
“The natural component of sky glow has five sources: sunlight reflected off the 
moon and earth, faint air glow in the upper atmosphere …, sunlight reflected off 
interplanetary dust …, starlight scattered in the atmosphere, and background light 
from faint, unresolved stars and nebulae …” 
(http://www.lrc.rpi.edu/programs/nlpip/lightinganswers/lightpollution/skyGlow.asp).  Any sky glow 
effects from man-made lighting sources are generally referred to in a negative 
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manner as ‘light pollution’.  Sky glow, that is, likely to influence a community may be 
more local but the principle mechanisms apply. 
Today the accepted theory explaining sky glow involves Rayleigh scattering and Mie 
scattering where Rayleigh scattering is scattering by particles, such as molecules, 
smaller than the wavelength of the incident radiation.  Blue light is scattered in the 
atmosphere whereas longer wavelength light such as red light generally is not 
affected.  Rayleigh radiation scatter is equal in both the forwards and backwards 
directions refer Figure 4.6(a) and also (Ridpath 2003, p379).  Mie scattering is the 
scattering of light where the aerosols are similar in size to the wavelength of the 
radiation.  Mie scattering is generally in a forwards direction (refer Figure 4.6(b)).  
“Mie scattering is a complex function of wavelength.  Scattering drops to a minimum 
at a wavelength half the particle size, rises to a maximum when it is the same as the 
particle size and then decays to zero towards longer wavelengths.  Mie scattering 
can thus make objects appear redder or bluer according to the size of the scattering 
particle.  In the Earth’s atmosphere there is usually a wide range of particle sizes, so 
that these colour effects are blurred into a nondescript grey”.  (Ridpath 2003, p297). 
There are a number of variables that may determine the perceived presence of sky 
glow including the presence of aerosols in the atmosphere (dust, pollen, moisture 
vapour and pollution), the intensity of light directed into the atmosphere and the 
position of the observer relative to the light sources generating the radiation.  Light 
per se does not glow.  Light passes through a vacuum and a vacuum does not glow.  
 
Figure 4.6  Rayleigh scattering (a) and Mie scattering (b) with 0 being the 
direction of incident light (Baddiley 2007, p349, Figures 4 and 5 respectively). 
Air molecules relative scatter verses angle (Rayleigh scattering) showing both forward 
and back scatter.  Mie scatter is forward scatter only showing aerosol relative scatter 
verses angle with the different line curve colours (refer key) indicating the relative 
quantities. 
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If light could be seen, light emanating from luminaires would be visible as is water 
from a sprinkler head. 
 
Figure 4.7  Sky glow associated with metal halide and high pressure sodium light sources. 
(a) temporary mobile construction floodlights (white light source) in close proximity, and sky 
glow from (b) high pressure sodium lighting of a more distant accommodation camp facility 
in the Western Australia Pilbara region. 
The luminance of the atmosphere in relatively close proximity to an electric lighting 
installation and also the illuminance at a specific point resulting from that ‘sky glow’, 
are generally raised as issues in environmental impact assessment expectations 
both as a separate effect and as a required cumulative effect that has to be 
addressed.  The effect of sky glow (refer Figure 4.7) is claimed to be an important 
factor as a mis-orientation cue to hatchling marine turtles (Salmon, 2006, p149).  Sky 
glow from outdoor artificial light at night can also interfere with and or negate any 
light polarisation patterns used for navigation purposes by some species both during 
twilight and moonlight (Kyba et al, 2011, Dacke et al, 2011). 
Despite some EIS draft documents indicating a requirement to provide prediction of 
sky glow from a proposed development, at this time there is no known computer 
simulation software that provides this in a similar method that current lighting design 
software provides calculation of direct and indirect illuminance at any point inclusive 
of luminaires, luminaire positions and luminaire aiming. 
 Observer’s position relative to subject lighting installation 
The position of the observer relative to the subject lighting installation will change 
the perceived ‘sky glow’.  An observer at night at altitude and tens of kilometres 
distant will have a different perception of ‘sky glow’ than the same observer of the 
same lighting installation but located at ground height and within 500 metres of the 
installation. 
(a) (b) 
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4.7.1.1 Close proximity 
Close proximity is arbitrarily chosen to be a kilometre or less from a lighting 
installation which may be a relatively small facility such as that found at an industrial 
storage and processing facility and consist of various exterior weatherproof 
luminaires with a mixture of light sources such as fluorescent, mercury vapour, high 
pressure sodium, metal halide and / or LED.  It may also apply to a much larger 
facility spread over several kilometres and due to topography, some of that lighting 
may be screened directly from view at that observation point.  Blue-white light is 
likely to produce noticeable sky glow only in close proximity (refer Figure 4.8 and 
section 4.7). 
4.7.1.2 Distant proximity 
At greater distances, multiple kilometres, (International Dark-Sky Association, 2010, p7), 
blue-rich light scatter diminishes.  Due to the distances involved the path geometry 
for light scatter is shallow indicating the main mechanism of light scatter is therefore 
Mie scattering, refer Figure 4.8, which does not favour blue-rich light.  The 
importance of this aspect will vary depending on the visual receptor sensitivity of the 
observer.  Figure 4.7(b) is sky glow from high pressure sodium floodlights at a 
construction camp 3 kilometres distant and beyond the rise. 
 
Figure 4.8  The different mechanisms of light scatter depend on the direction of view of the 
observer and position of the observer relative to the light sources. (Baddiley 2007, p350, Fig 7). 
 Aerosols 
4.7.2.1 Generally 
Aerosols consist of moisture vapour or a variety of particulates.  Particulates can be 
natural such as pollen, dust, volcanic dust and smoke or result from human activity 
such as motor vehicles, industrial processes and domestic heating. 
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Moisture vapour results from transpiration and also evaporation from bodies of 
water and damp surfaces.  Moisture vapour on the coast can be salt laden.  
Depending on temperature of the air, moisture vapour becomes visible in the form 
of fog, cloud, rain, sleet and snow. 
4.7.2.2 The effect of clouds 
“… in pristine environments clouds appear as dark objects on the star filled sky, in 
cities clouds appear as bright objects on a dark background, nearly devoid of stars.” 
(Kyba et al, 2011, http://www.plosone.org/article/info:doi/10.1371/journal.pone.0017307). 
 Observer height relative to the lighting installation 
A migratory bird flying at altitude and approaching a lighting installation from tens of 
kilometres distance will have an entirely different perspective to a marine turtle 
hatchling at beach level and in close proximity to the lighting installation which will 
be different again to fauna inhabiting a ridge overlooking a river valley in which a 
lighting installation is located.  The ‘sky glow’ effect will depend not only on the 
aerosols present but also the intensity of the incident radiation. 
 Intensity of radiation 
The intensity of radiation incident on the aerosols is one factor that determines the 
luminance of ‘sky glow’.  Luminaires that either by their design and/or by their 
installation and aiming provide direct radiation above the horizontal will contribute 
much more significantly to ‘sky glow’ than radiation reflected from other surfaces 
such as vegetation and natural surfaces as well as man-made surfaces. 
 Type of light source 
The type of electric light source determines the luminance towards the observer’s 
position.  Blue-rich white light sources are likely to produce greater ‘sky glow’ 
(Baddiley 2007, pp345-357, International Dark-Sky Association 2010, pp1-23, Keith 2011, 
http://resondance.com/ali/bluskies.html,) when the observer is in close proximity to the 
subject electric light installation. 
Any species which is more sensitive to bluish/white light and UVA would experience 
sky glow in the immediate vicinity of a metal halide light source in a symmetric type 
B distribution floodlight (Standards Australia AS 2560.1 - 2002 Appendix D) such as that 
used typically on mobile generator towers; mounted at a maximum 4 metre height 
and aimed almost horizontally.  Such installations, although temporary, direct high 
intensity radiation above the horizontal into the atmosphere creating ‘sky glow’.  
Figure 4.8(a) shows the effect of a single mobile tower with 4 off 1.5kW metal halide 
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floodlights located less than 1 kilometre distant from the observation point.  The 
location is coastal, the Western Australian Pilbara region, with moisture vapour and 
salt and dust particulates present and viewed against an otherwise clear moonless 
night sky. 
 Receptor sensitivity 
The sensitivity of the visual receptors of the observer may determine the relevance 
of ‘sky glow’.  There is both the wavelength sensitivity of receptors and the quantum 
of energy at those wavelength(s) that is necessary for a receptor to pass certain 
thresholds and become active (refer to section 4.2.3). 
 Measurement of sky glow 
During the past 12 years of investigation of various project sites in and around 
Sydney the ‘sky glow’ contribution on a night with no moon in an urban environment 
has generally been in the order of 0.03 lux (+0.004, -0.005 lux illuminance meter 
accuracy).  Eisenbeis (Eisenbeis 2006, p286) states that sky glow was measured in 
Kiel, Germany at 0.5 lux and in Vienna on a cloudy night at 0.178 lux. 
Measurements recorded by Kyba et al for clear sky conditions (0 – 1 Oktas) using a 
Sky Quality Meter produced by Unihedron, that views a defined portion of the sky, 
indicated that in the urban environment of Berlin on a moonless night the sky 
brightness was the same as the sky brightness in a rural environment with the full 
moon at 20 degree elevation. 
4.8 Conclusion 
Artificial lighting affects the natural world and it is increasing as populations 
increase, demands for energy increases and technologies develop.  The increase 
has occurred in a very short time span compared to time spans generally accepted 
as natural change and adaptation time spans. 
This chapter highlights the lack of information currently available for species listed 
on Threatened species data bases or on Migratory species data bases.  Where 
some information is available for a particular species there are also exceptions, for 
example whilst bats are generally nocturnal and are attracted to street lighting and 
prey associated with street lighting, some species of bat are not attracted to street 
lighting. 
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Much of the information is based on the sensitivity of different species to artificial 
light using Electroretinography (ERG) which is better than no information; however, 
it does not predict the behavioural response of that particular animal to artificial light.   
Many species are more sensitive to the blue / ultra violet end of the spectrum than 
humans (refer section 1.4.2.3) and therefore the blue spike of some LED will have a 
different effect on those species as they will perceive much more radiant energy in 
their view of the lit environment.  Therefore this should have a noticeable effect on 
biota and possibly their survival.  At the current time there are some experiments 
being conducted in parts of the world investigating these aspects (refer 4.2.1.6).  
There is insufficient quantity of data at this time to either verify or dispel or 
ameliorate the extent of influence.  However, based on the theoretical likelihood of 
significant effect, the precautionary principle would suggest avoiding use of high 
blue content LED in the outdoor environment.  LED Technology is now available in 
very efficient 3000K options, without the blue-spike and very small reductions in 
efficacy compared to 5000K LED. 
Knowing that a particular visual system may be sensitive to a specific range of 
radiation spectra does not indicate if there are thresholds above or below which 
there is a behaviour change.  Nor does information based on ERG analysis indicate 
the influence of other factors such as magnetic compass response, threat of 
predation, mating, temperature, etc.  Reactions to artificial light seem to be species 
specific and not applicable to all members of a particular Genus, Family, Order or 
Class. 
There is sufficient indication that adults of some species may adapt to changing 
direct ambient lighting conditions resulting from artificial lighting without changing 
their behaviour or by using the circumstances to their advantage, however, young 
hatchlings, fledglings etc. are more likely to be unable to adapt to new 
circumstances and change otherwise instinctive responses to light in their field of 
view.  There is no evidence to suggest that all hatchlings or fledglings do not survive 
as a consequence of artificial lighting. 
Whilst sky-glow is noted as a factor effecting hatchling marine turtle survival there is 
little evidence to date of a similar relationship with other species. 
Artificial light has been shown to have both direct and indirect effects on biota 
although little is currently known about specific response thresholds and further it is 
not necessarily simply a response to light that determines a particular behaviour as 
light may be only one of the cues in a hierarchy that triggers that behaviour.  
Therefore there is insufficient evidence at this time to prove the null hypothesis that 
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there is no relationship between loss of species and change in ambient light caused 
by artificial lighting, therefore the hypothesis is not proven either. 
  
 
Unwanted lighting effects at night in Australia 
145 
 
5 Effects of electric light at night on human activity 
5.1 Introduction 
The availability of artificial light at the flick of a switch 24 hours per day (refer section 
3.3) has changed many aspects of human activity.  Some of the changes are 
beneficial, some not so beneficial.  There have been changes to social lives, to 
working lives and to the ease of travel with changes in infrastructure necessary to 
support consequent increased activity and the drive for economic growth.  Along 
with economic prosperity comes increased artistic expression, however, there may 
be a cost to health.  Electric light plays a part in all of these aspects as indicated in 
the following sections. 
5.2 Socialising 
Socialising is defined as taking part in activities interacting with others.  Socialising 
provides an individual with the skills and habits necessary for participating within his 
or her own society, a means of continuity of social and cultural values 
(http://en.wikipedia.org/wiki/Socialization). 
 
 
People(b) Participation 
Type of day trip '000 % 
 
Visit friends or relatives 6,702 47.8 
Pleasure driving (50km round trip) 6,524 46.5 
Attend special events 2,469 17.6 
Participate in sport/ recreational activity 2,197 15.7 
Visit theatre, opera, ballet, concert or 
cinema 
2,127 15.2 
Visit animal parks, wildlife reserves, 
zoos 
2,105 15.0 
Business trip 1,597 11.4 
Visit entertainment/ theme parks 1,525 10.9 
Conference/seminar/ study tour or 
school excursion 
1,494 10.7 
Visit museums/art galleries 1,231 8.8 
 
All types of day trip 10,970 78.2 
 
(a) People aged 14 and over.  
(b) People who took each type of day trip at least once in the year   
(Source: Bureau of Tourism Research Domestic Tourism Monitor) 
Table 5.1  Day Trips 1992-93(a), reasons for travel. 
(http://www.abs.gov.au/ausstats/abs@.nsf/2f762f95845417aeca25706c00834efa/ffcff6541f4d1
1f5ca2570ec00753521!OpenDocument). 
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People participate in a wide variety of social activities, some of which are captured 
in Australian Bureau of Statistics Census surveys re ‘day trips’ (refer Table 5.1) 
although the participation and type of day trip may have changed in the last 20 
years it does provide an indication of the main reasons for day trips. 
Visiting friends or relatives and pleasure driving shows the greatest participation.  
Figure 5.1 shows the areas that the more elderly, greater than 65 years of age, are 
dispersed over, however, younger age groups tend to be closer to employment 
opportunities and activity centres.  Visiting relatives is a significant activity that may 
well involve travel and therefore road infrastructure.  Combined with the population 
growth indicated in Table 5.2, the need for expansion of travel infrastructure is likely 
to increase. 
The second activity listed in Table 5.1 is pleasure driving.  Some of the above 
driving activity may well be after sunset and on roads that are lit. 
The Australian Bureau of Statistics indicate that sports feature strongly not only as 
an event and reason for travel but also as a means of building community networks 
and socialising. 
 
Figure 5.1  ABS 2006 Census: total persons aged 65 years and over. 
(http://www.immi.gov.au/media/publications/research/migration-in-australia/chapter-two-
pages15-37.pdf). 
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Table 5.2  Projected growth of the population of Australia by age group, 2006-51, 
ABS 2008 projections. 
(http://www.immi.gov.au/media/publications/research/migration-in-australia/chapter-two-
pages15-37.pdf). 
“The associational nature of sport and sporting clubs is sometimes seen as a forum 
for the creation of social capital by providing opportunities and settings for social 
interaction, sharing, common interests and enhancing a sense of community.” 
“The participation rate in sport and physical recreation for those who were actively 
involved in at least one social group in the last 12 months was 84%, which was 
much higher than the participation rate of those with no active involvement (58%).”  
(www.abs.gov.au/ausstats/abs@.nsf/Products/C9842953CC42754CCA257AD9000E2742?opendocu
ment). 
A combination of leisure time and disposable income has contributed to a greater 
demand for sport and recreation facilities.  The diversity of sports being played has 
increased with many multi-purpose indoor centres as well as outdoor facilities.  
Floodlit multi-use facilities adjoining sports halls, e.g. netball and basketball, can 
release more expensive indoor space for other activities.  “If located on a school 
site, the school can extend its curriculum and after-school activities. Schools are 
often at the centre of a community. Floodlighting will provide opportunity for 
community participation in sport and improve health, community cohesion and 
provide for youth diversionary activity.” (http://www.dsr.wa.gov.au/Indoor-and-outdoor-
lighting). 
The Western Australian Government (http://www.dsr.wa.gov.au/Indoor-and-outdoor-lighting) 
considers that floodlighting of sports facilities: 
 Enables facilities to be used in the evenings, giving substantially higher 
usage rates; 
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 increases choice and flexibility of playing times for users, which assists in 
raising participation levels, improving opportunities for competition, reduces 
childhood obesity, at the same time improving health and social inclusion 
initiatives, and also 
 provides better returns on investments as there is greater potential to 
generate additional income. 
Government funding by grants and loans have been available to encourage an 
increase in sport and active recreation facilities.  The available grants vary State to 
State. 
Participation in sport and physical recreation by the majority of Australians aged 15 
years and over was noted in 2011-12 Australian Bureau of Statistics report 
indicating that 16 percent of that population participated in organised sport and 
recreation.  Sixty percent of children aged 5 to 14 years participated in sport outside 
of school hours with the most popular organised sport for boys being soccer and for 
girls it was swimming/diving.  
(www.abs.gov.au/ausstats/abs@.nsf/Products/FC8A8FD7A0DD9DC5CA257AD9000E246E?opendoc
ument).  Soccer tends to be a winter sport and may involve the use of outdoor floodlit 
facilities.  Swimming may be indoor or outdoor.  Indoor facilities may have 
supplementary electric lighting. 
Also, spectator attendance at sporting events for people aged 15 and over did not 
significantly change between 2005-06 and 2009-10, with Australian Rules Football 
being the most popular choice. 
(www.abs.gov.au/ausstats/abs@.nsf/Products/C9842953CC42754CCA257AD9000E2742?opendocu
ment). 
A similar pattern of social engagement emerged regardless of whether the active 
engagement was with a physical recreation group, an arts or heritage group, or 
participation in adult education, or other recreation or special interest group and 
social clubs providing restaurants or bars. 
 Local and amateur sports 
Refer to 3.3.2 for an overall view of the expansion of floodlit sports venues; to 5.2 
above for the social aspects, and to 5.5 below for contribution to travel. 
 Professional sport 
Refer to 3.3.2.1 for an overall view of the expansion of floodlit major sports venues; 
to 5.2 above for the social aspects, and to 5.5 below for contribution to travel. 
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5.3 Commerce 
Commerce is the whole system of an economy that constitutes an environment for 
business (http://en.wikipedia.org/wiki/Commerce).  It includes the exchange or buying and 
selling of commodities; especially the exchange of merchandise, on a large scale, 
between different places or communities.  Commerce includes design, manufacture, 
distribution, advertising and sales and administration of merchandise.  It also 
includes the buildings, facilities and transport necessary and communication 
infrastructure, hardware, software and intellectual property, education, research and 
political organisation.  With artificial electric light and the energy to power it, this 
activity can continue 24 hours per day. 
 Daytime working hours 
National Employment Standards (NES) provide that the maximum weekly hours 
which a full-time employee can be required to work is 38 hours, plus reasonable 
additional hours. Ordinary hours may be worked Monday to Friday inclusive, 
(http://workplaceinfo.com.au/payroll/hours-of-work) although by majority or individual 
agreement the ordinary hours may include Saturday or Sunday. 
A work place agreement may include items such as: ordinary hours are to be 
worked continuously, except for meal breaks, between the hours of 6 am to 6 pm, 
which may be altered by up to one hour either side by agreement between the 
employer and the majority of employees. 
 24 hour shift work 
Workers most exposed to artificial light are those involved in 24 hour shift work.  
According to the Australian Bureau of Statistics in 2012 there were 1.5 million 
employees that usually worked shift work which was up from 1.4 million in 2010 
(Australian Government; Australian Bureau of Statistics, 2012, 6342.0 - Working Time Arrangements, 
http://www.abs.gov.au/ausstats/abs@.nsf/Latestproducts/6342.0Main%20Features2November%20201
2?opendocument&tabname=Summary&prodno=6342.0&issue=November%202012&num=&view=,. 
Australian Government; Australian Bureau of Statistics, 2009.  ABS 6342.0 Working Time 
Arrangements, 
http://www.abs.gov.au/ausstats/abs@.nsf/products/C3AEAD8F78CE3024CA257B5F0021DC4F?Open
Document), refer Figure 5.2 for the occupations associated with shift work.  The most 
common shift work was rotating shift work and males were slightly more likely to 
work shift work than females.  The highest proportion of male shift workers were in 
mining, and accommodation and food services, whereas the highest proportion of 
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female shift workers were in accommodation and food services, health care and 
social assistance.  Electric lighting facilitates 24 hour shift work. 
 
 
Figure 5.2  Shift work by occupation in Australia. 
(Australian Government; Australian Bureau of Statistics, 2012.  6342.0 - Working 
Time Arrangements – Table 7). 
 Outdoor Advertising 
Advertising has a role to play both for business, as suppliers of goods and services, 
and for the public, as consumers.  Outdoor advertising, particularly artificially lit 
advertising has proliferated with electric power.  Outdoor advertising occurs in many 
locations; under and above awnings, on fascia’s, on building facades, roof tops, 
stand-alone billboards in road reserves, on bridges and other structures, on bus 
shelters etc.  Some advertisements are lit by floodlights, usually metal halide, on 
small out-reach arms; some are bare neon, some are backlit fluorescent and more 
recently signage is LED (light emitting diode) and LCD (liquid crystal display). 
Advertising is located and designed to be seen from specific vantage points, most 
commonly relating to transport corridors and sometimes more distant city views.  
Hence, many guidelines limiting the application of advertising are produced by State 
Government departments associated with transport.  The assessments/guidelines 
cover a number of issues to varying degrees: 
 Requirements of relevant State planning instruments as appropriate; 
 Land-use compatibility; 
 Context of advertising in the transport corridor; 
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 Road safety; 
 Public benefit; and 
 Some of the States also set lighting criteria limitations. 
Existing guidelines in each state limiting the potential impact of advertising on 
human activity are listed below. 
5.3.3.1 New South Wales 
The Transport Corridor Outdoor Advertising and Signage Guidelines (Government of 
NSW Department of Planning (2007), pp1-29) complement the provisions of State 
Environmental Planning Policy No. 64 – Advertising and Signage (SEPP No 64) 
under the Environmental Planning and Assessment Act 1979.  The guidelines 
consider glare, safety for pedestrians, vehicles and aircraft, the effect on amenity of 
any residents, whether the lighting is adjustable and if subject to curfew. Variable 
messaging signs cannot contain scrolling messages and are subject to a number of 
further restrictions. 
 
Table 5.3  Maximum allowable daytime luminance of illuminated advertisements. 
(www.planning.nsw.gov.au/planningsystem/pdf/dop07033_outdooradvertising_transp
ortcorridors_guidelines.pdf, p22). 
 
Chapter 5  Effects of electric light at night on human activity 
152 
Luminance of lit signage is limited according to general location and according to 
size of sign with a further stipulation that night-time luminance must be no more 
than 25 percent of the values indicated and shown in Table 5.3. 
5.3.3.2 Northern Territory 
Department of Lands Planning and the Environment, Litchfield Area Plan, 2004, 
contains a (http://www.lands.nt.gov.au/__data/assets/pdf_file/0020/8615/LAP2004asat31jan07.pdf) 
section on advertising signs.  There is no indication of lighting limitation other than 
an indication that illuminated signs should not be any closer than 30m to a 
residential zone.  The limitations are mostly about the size of signs. 
5.3.3.3 Queensland 
Department of Transport and Main Roads, Roadside Advertising Guide, 2 August 
2013 (Queensland Department of Transport and Main Roads, 2013, pp1-205).  The guide 
explains the difference between luminance and brightness.  Based on field 
investigations in the Brisbane and Gold Coast areas the maximum permissible 
average luminance values are indicated in Table 5.4 below.  The guide also 
specifies how the average luminance should be determined. 
 
Table 5.4  Maximum average luminance of illuminated advertising devices. 
(http://www.tmr.qld.gov.au/business-industry/Technical-standards-publications/Roadside-advertising-
guide.aspx, p136) 
5.3.3.4 South Australia 
Department of Planning, Transport and Infrastructure, Advertising Signs 
Assessment Guidelines for Road Safety, August 2014 (Government of South Australian 
Department of Planning, Transport and Infrastructure, 2014, pp1-31).  This is the latest 
developed guideline and covers in detail additional requirements for electronic LED 
and LCD signage displays. 
Electronic signs are required to have ‘adaptive dimming’ depending on the ambient 
conditions as indicated in Table 5.5. 
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Table 5.5  Luminance levels for internally illuminated signs. 
(http://www.dpti.sa.gov.au/__data/assets/pdf_file/0019/145333/DPTI-Advertising-Signs-
Assessment-Guidelines.pdf, p22). 
The guide also indicates in detail measurement techniques for LED matrix and LCD 
displays as well as a formula for determining veiling luminance at a drivers’ eyes 
with the driver age stated as 73.5 years.  Also, scrolling, moving, rotating, flashing, 
fade, zoom and fly-in is not permitted as it is considered too distracting to drivers. 
5.3.3.5 Tasmania 
The Department of State Growth, Transport, only covers provisions on transport 
property (Government of Tasmania, Department of State Growth, 
http://www.transport.tas.gov.au/road/traffic/tasmanian_roadside_signs_manual, pp1-85). 
Advertising and commercial signs on private property both on and off the premise is 
not covered by this Manual and is controlled by Local Government under various 
controls such as the Land Use Planning and Approvals Act 1993, By-laws, and the 
Local Government (Building & Miscellaneous Provisions) Act 1993. 
Particular reference is made by the Department to electronic billboards, with the use 
of electronic billboards for roadside advertising not permitted and only permitted in 
the State Road Reservation with written approval from the Department of State 
Growth. 
5.3.3.6 Victoria 
The Victoria Planning Provisions (VPP), Department of Transport, Planning and 
Local Infrastructure - 52.05 Advertising Signs (Government of Victoria, Department of 
Transport, Planning and Local Infrastructure, 
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http://planningschemes.dpcd.vic.gov.au/schemes/vpps/52_05.pdf, pp1-9)).  Whilst there are no 
values stated, the responsible authority must consider: 
“The character of the area including: 
The impact of any illumination: 
• The impact of glare and illumination on the safety of pedestrians and 
vehicles. 
• The impact of illumination on the amenity of nearby residents and the 
amenity of the area. 
• The potential to control illumination temporally or in terms of intensity. 
5.3.3.7 Western Australia 
Department of Main Roads, Roadside Advertising: is similar to some of the other 
States as it has lighting environment zones and maximum average luminance limits 
specified.  The zone numbers and respective maximum average luminance of an 
advertising device in the zone is the same as Table 5.4 (Queensland) and the 
method of measurement specified is the same 
(https://www.mainroads.wa.gov.au/BuildingRoads/StandardsTechnical/RoadandTrafficEngineering/Tra
fficManagement/RoadsideAdvertising/Pages/home.aspx, Chapter 5 General Permission Criteria, and 
Appendix D Glare and Luminance Levels). 
5.4 Artistic expression 
Light is an integral component of artistic expression.  Light, shade and shadow to 
reveal form, surface texture and colour. More recently light per se has become a 
popular art medium with artistic expression including communication and public 
interaction as media facades.  Festivals of art, light and music have burgeoned 
throughout Australia supported by both State and Local Governments. 
 Media facades and permanent art works 
The trend to have multi-colour changing facades has burgeoned since the 
manufacture of LED technology and integration with programmable digital electronic 
control systems.  The potential for facades to be large billboards that also convey 
information and being interactive with personal mobile communication devices is 
blurring the boundary between art, advertising, information display and gaming with 
all potentially becoming part of the same architecture, building skin, transport 
infrastructure stop etc. 
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Whilst organisations such as International Dark-sky Association (IDA) and Green 
Building Council of Australia (GBCA) recommend against any light above the 
horizontal applied to outdoor lighting.  Façade systems where the lighting is 
integrated seems to escape the criteria whilst contributing significantly to ambient 
lighting conditions, sky-glow and spectral content across a diverse range.  The 
following Figures 5.3 (a) through to (h) are examples of the current trend in art and 
media facades. 
 
Figure 5.3  Artistic lighting and facades (a) to (h). 
(a)  Adelaide Exhibition Centre domed entrance 
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Figure 5.3 (cont.)  (e & f) World 
Square, Sydney, NSW 
 
Figure 5.3 (cont.) 
(b) Heliostat, Sea Mirror, One 
Central Park, Sydney, NSW 
(c) STAR Events Centre 
Pyrmont, NSW. 
(d) Commonwealth Bank 
façade, Darling Quarter, 
Sydney, NSW (designed by 
Luminous) 
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 Festivals of art, light and music 
Light has been used as one of the significant visible and marketable elements of 
campaigns to increase local, interstate and international tourism during periods of 
the year which would otherwise experience slower retail and hospitality trading as 
 
Figure 5.3 (cont.)  (g) Wintergarden façade, Queen Street Mall, Brisbane, QLD 
 
Figure 5.3 (cont)  (h) Melbourne Airport. 
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well as general reduced public activity.  Surveys and reports commissioned by 
Government indicate both significant increases in direct and indirect spending by 
the public as well as significant increases in the number of tourists visiting during 
that time  
(http://enlightencanberra.com.au/Attachment-A-Enlighten-Key-Findings-2013-.pdf, pp1-2 
http://enlightencanberra.com.au/wp-content/uploads/2012/12/Enlighten2014-Event-Report.pdf, pp1-8, 
http://www.yooyahcloud.com/ADELAIDE_FESTIVAL_OF_ARTS/CH6bM/Adelaide_Festival_of_Arts_Hi
story.pdf, pp1-17, http://www.themercury.com.au/entertainment/dark-mofo-returns-to-hobart-with-
spectacular-light-show/story-fnj3tycr-1226881452107). 
5.4.2.1 2006 Adelaide 
Most of Australia’s capital cities host a festival of the arts that includes outdoor 
lighting spectaculars.  The Adelaide Festival was initiated in 1960.  In 2006 the 
festival included a dazzling display of laser projection onto buildings via digital 
mapping that became known as ‘Northern Lights’.  Images from that display won the 
Illuminating Engineering Society of Australia and New Zealand’s (IESANZ) 
international award of Excellence in 2008.  The Adelaide Festival normally runs over 
a period of 2 weeks, however, in 2008 the South Australian Premier provided extra 
funding for the ‘Northern Lights’ to run for an additional 2 weeks beyond the Festival 
conclusion.  The Adelaide Festival is normally held in the period end of February, 
beginning of March.  
(http://www.yooyahcloud.com/ADELAIDE_FESTIVAL_OF_ARTS/CH6bM/Adelaide_Festival_of_Arts_
History.pdf, pp1-17). 
5.4.2.2 2009 Sydney 
The VIVID art, music and lighting inaugural event was held in The Rocks area and 
adjacent Circular Quay in Sydney in 2009.  The VIVID festival includes a variety of 
outdoor lighting from laser projection onto buildings via digital mapping for the 
Opera House, Customs House and the Museum of Contemporary Art, to light 
sculptures throughout the area by local and international artists to façade washes 
using coloured light.  The area of the festival has extended to the Sydney central 
business district and Darling Harbour.  VIVID runs for a period of 18 days, the last 
week of May and early June. (http://www.vividsydney.com/). 
5.4.2.3 2010 Brisbane 
The Brisbane Festival of the arts runs over a period of 3 weeks, mid-September and 
includes lighting as an element.  The Brisbane Festival started in 2010. 
(http://www.brisbanefestival.com.au/downloads/brisbane-festival-media-kit-2014.pdf, pp1-76) 
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5.4.2.4 2011 Canberra 
ENLIGHTEN is an art, music and lighting event in Canberra that occurs the first 
week of March and runs for 9 days (http://enlightencanberra.com.au/Attachment-A-Enlighten-
Key-Findings-2013-.pdf, pp1-2).  The inaugural event was held in 2011.  This event also 
features outdoor lighting including laser projection onto buildings via digital mapping 
and tends to focus on the parliamentary triangle. 
5.4.2.5 2013 Melbourne 
The White Night Festival is a festival of food, film, performance, sport, art and light 
illuminations.  It is held in Melbourne over a 12 hour period from 7pm through to 
7am, third week of February, the inaugural event was 2013.  It is a version of the 
White Night concept, founded in France in 1984 and known as nuit blanche 
(http://whitenightmelbourne.com.au/about-white-night-melbourne, 
/http://en.wikipedia.org/wiki/Nuit_Blanche). 
5.4.2.6 2013 Hobart 
Dark MOFO (often a shortened form of MONA FOMA (an acronym for Museum of 
Old and New Art: Festival Of Music and Art) is a festival in Hobart.  Held over a 
period of 10 days early June and includes the winter solstice.  The inaugural festival 
was 2013.  Illuminations included a co-ordinated display of many powerful 
searchlights directed into the night sky.  (http://www.themercury.com.au/entertainment/dark-
mofo-returns-to-hobart-with-spectacular-light-show/story-fnj3tycr-1226881452107) 
5.4.2.7 Perth 
The Perth Festival, three weeks starting second week of February is an international 
arts festival.  There is no specific mention or any indication that there is to be any 
formal outdoor lighting (http://2014.perthfestival.com.au/Festival-Information). 
5.4.2.8 Darwin 
The Darwin Festival, eighteen days starting second week of August is an 
international arts festival.  There is no specific mention or any indication that there is 
to be any formal outdoor lighting such as external building illumination or light 
sculptures (http://www.darwinfestival.org.au/news/darwin-festival-2014-7-24-august). 
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 Private festivity 
All of the above festivals are formal and Government sponsored.  At the family level 
the public generally expresses its creativity with outdoor lighting leading into and 
during the Christmas season.  Media attention to elaborate outdoor Christmas 
festivity lighting and promotion of competitiveness has seen homes; streets and 
suburbs vie for media attention.  Retail outlets stock many pallets of LED product in 
the months leading into the Christmas festive season. 
5.5 Travel 
The mobility of the population of Australia has increased internationally, nationally 
and locally.  Some of the factors contributing to that increased lighting associated 
with travel are indicated in Figure 5.4 below. 
 
Refer to 3.3.1.3 increased affordability of vehicles, 3.3.3 electric power proliferation, 
and 3.5 population growth. 
Nearly two in three Australians drive to work in a private car while only one in 10 
commuters rely on public transport, a study of census data has found (McCrindle 
Research, 2014, no page numbers). 
Adult Australians in full-time work or study, 71 per cent primarily use a passenger  
Figure 5.4  Some factors contributing to the increased lighting associated 
with travelling in Australia. 
Refer 3.3.1.3 Refer 3.3.3 
Refer 3.5 
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vehicle to commute, and 88 per cent use a car to get to places other than work.  
The study found a 0.8 per cent increase in the number of car commuters compared 
with five years ago, amounting to 655,939 people daily.  In addition one in five train 
commuters also use a car for part of their journey, while one in 10 bus passengers 
did the same (McCrindle Research, 2014, no page numbers). 
“In 2012, people aged 55-64 years were the most likely to drive to work or full-time 
study (78%), while young people (aged 18-24 years) were the least likely age group 
(63%). Young people were the most likely to take public transport (28%) to work or 
study, compared with older age groups. 
Differences in passenger vehicle use were also seen between men and women. 
Women were more likely to use a passenger vehicle to get to work or study 
compared with men (74% compared with 69% respectively). They were also more 
likely to take public transport (19% compared with 13%). However, men were more 
likely than women to drive other types of vehicles such as a ute, panel van, truck or 
motorbike to work or study (11% for men compared with 1% for women).  As 
women got older their use of a passenger vehicle to get to work or study increased, 
and their public transport use decreased. Conversely, men's use of a passenger 
vehicle decreased in older age groups, and their public transport use increased”  
(http://www.abs.gov.au/AUSSTATS/abs@.nsf/Lookup/4102.0Main+Features40July+2013). 
 
(a) People aged 14 and over. 
(b) People who took each type of day trip at least once in the year (Source: Bureau of Tourism 
Research Domestic Tourism Monitor)  
Table 5.6  Reasons for domestic travel 
(http://www.abs.gov.au/ausstats/abs@.nsf/2f762f95845417aeca25706c00834efa/ffcff6541f4d11f5ca25
70ec00753521!OpenDocument – Domestic travellers, no page numbers, figure or table numbers). 
Domestic tourism contributes significantly to the economic value of the Australian 
economy estimated to be approximately $25 billion in gross domestic product 
(GDP), which accounts for almost three quarters of tourism GDP.  $21 billion is 
generated by the public and $4 billion by business and government 
(http://www.tra.gov.au/documents/What_is_driving_Australians_travel_choices_FINAL_-_2_June.pdf, 
p iv). 
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Figure 5.5  Major road infrastructure, airports and population centres and light at 
night (Australian airports – map by Virgin). 
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Visiting relatives was the primary reason for day trip travel (47.8%) according to the 
Australian Bureau of Statistics 
(http://www.abs.gov.au/ausstats/abs@.nsf/2f762f95845417aeca25706c00834efa/ffcff6541f4
d11f5ca2570ec00753521!OpenDocument). 
The Australian population is very mobile.  Between 2001 and 2006, approximately 
6.6 million persons aged five years and over changed their permanent place of 
residence for a variety of reasons including employment, housing needs, stage of 
life cycle such as marriage and other types of household formation, and retirement. 
These mobile people represented some 40 percent of the total population.  
(http://www.immi.gov.au/media/publications/research/migration-in-australia/chapter-two-pages15-
37.pdf, p15).  Late teens to mid-forties show the greatest mobility.   
 
Figure 5.6  Age Specific Mobility Rates, 2001-2006 in Australia.  Based on ABS 
2006 census data where mobility is moving from one location to another. 
(http://www.immi.gov.au/media/publications/research/migration-in-australia/chapter-two-
pages15-37.pdf, p33) 
Changing residential location can mean more domestic travel for the reasons noted 
in Table 5.6 and more traffic volume can lead to increased travel infrastructure 
complete with lighting. 
International visitor numbers were 0.125 million in 1963, 3.0 million in 1993 and 5.6 
million in 2011.  Visitors travel, travel requires infrastructure such as expanding 
airport capacity and infrastructure requires lighting.  
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5.6 Crime prevention 
The notion that lighting deters crime 
is not new.  City of Sydney archives 
reveal a petition in 1870 suggesting 
that lighting will deter the crime of 
prostitution (Figure 5.7) 
(http://history.cityofsydney.nsw.gov.au/sydneystreets/Minding_the_Streets/Lighting_Up/
default.html, CRS 24/8 no.34). 
Transcript of petition: 
“To the Mayor and Aldermen of the Municipal Council Sydney 
The humble petition of the residents of Woolloomooloo Bay Sheweth That your 
petitions are desirious [sic] that two lamps may be erected in Sir John Young 
Crescent owing to its being dark and lonely at night and that many immoral 
characters are in the habit of frequenting this street for immoral purposes much 
to the annoyance of persons who pass up and down this street. 
Your petitions are of opinion that if the Gas were extended further in this street 
that it would expell [sic] the annoyance complained of and be a great boon to 
the public. 
Your petitioners humbly pray that this request may be granted. 
Dated this 30 day of June 1870.” 
Figure 5.7  City of Sydney Archives, CRS 
24/8 no.34 
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More recent literature seems to concentrate on property crime and violent crime and 
studies have been conducted over quite a number of decades with varying results; 
studies in the USA and studies in the UK.  There seems to be a number of thorough 
reviews.  Some papers relating to lighting and crime prevention are in favour (Painter 
and Farrington (no date – 1997?), pp209-226, Pease 1999, pp47-76, Farrington and Welsh 2002, pp1-
53) and some are against (Clark 2002, pp1-64, Clark, 2003 pp1-182, and IDA 2011, no page 
numbers).  Those strongly opposed to any outdoor lighting proposed for the purpose 
of deterring crime (Clark, 2003, p i) indicate that “… outdoor lighting appears to 
facilitate some of the social factors that lead to crime”.  The International Dark-Sky 
Association (IDA) website relative to this topic, (http://www.darksky.org/light-pollution-
topics/lighting-crime-safety), at a glance, provides the impression that the IDA is strongly 
opposed, however, on close scrutiny of all the links etc., the IDA is supporting the 
appropriate use of good lighting whilst at the same time minimising any effects on 
the night sky. 
In 2002 the Home Office in the UK published a report (Farrington and Welsh, 2002, pp1-
53) that was a systematic review of all known studies.  A systematic review is a 
literature review focused on a research question that tries to identify, appraise, 
select and synthesize all high quality research evidence relevant to that question.  A 
review is termed systematic if it is based on clearly formulated peer-reviewed 
protocols (in advance) such as research question, clear inclusion/exclusion criterion, 
explicit search strategy, critical appraisal, etc., and employs the same level of 
scientific rigour as should be used to produce that research evidence in the first 
place. A systematic review is as good as the quality of studies included in the 
review. A systematic review can be independently replicated.  Systematic reviews 
often, but not always, use statistical techniques such as meta-analysis to combine 
results of the eligible studies.  Meta-analysis is a statistical method of combining 
results from multiple randomised controlled trials for different indications in the form 
of a weighted average (some studies carry more weight than others) to determine 
overall trend or significance as an output. It helps in reducing information overload, 
find publication bias, if any, and may explain heterogeneity between the results of 
individual studies.  Analysis of the acceptable American studies provided a result 
indicating a 7 percent reduction in crime as a result of lighting and the British studies 
a 20 percent reduction, however, there were some reservations such as “The lack of 
systematic information about residential mobility makes it difficult to draw clear 
conclusions about whether lighting is more effective in reducing crime in stable 
homogeneous communities than in unstable heterogeneous communities.” 
(Farrington and Welsh, 2002, p37).  Another issue was that the ‘acceptable’ studies using 
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systematic analysis included crime during both day and night and not just night-time 
crime. 
The overall conclusion; “Street lighting benefits the whole neighbourhood rather 
than particular individuals or households. It is not a physical barrier to crime, it has 
no adverse civil liberties implications and it can increase public safety and effective 
use of neighbourhood streets at night.” (Farrington and Welsh, 2002, p42). 
A study of crime associated with streetlight outages in Chicago on behalf of the 
Chicago Department of Transportation (Seeskin 2014, no page numbers) found that street 
light outages have different effects on different neighbourhoods.  In some 
neighbourhoods there was no difference but in a few neighbourhoods there was a 
significant difference with crime rates increasing as much as 134 percent when 
street lights were out. 
According to Pease (Pease, 1999, p50) the reviews of studies on lighting and crime 
prevention seem to agree that:  
(1)  Untargeted general increases in street lighting do not always have 
overall crime prevention effects. 
(2)  Targeted increases in street lighting generally have crime reduction 
effects.  
(3)  Even untargeted increases in crime prevention street lighting generally 
make residents less fearful of crime or more confident of their own 
safety at night. 
Taking a black or white view, that is, lighting either does not decrease crime, or 
lighting reduces crime, seems to result in endless argument and reviews and 
selective quoting of report conclusions depending on the case being suggested.  A 
simple statement by Pease is perhaps pertinent.  “There is no such thing as an all-
purpose crime prevention measure. Recognition of this point is of fundamental 
importance.” (Pease, 1999, P48). 
The crime referred to in the studies noted above included burglary, violent crime, 
rape, robbery, and domestic violence.  No mention of prostitution and there is no 
indication if two gas lanterns were erected in Sir John Young Crescent in Sydney in 
1870 and if they were, if it prevented the many immoral characters frequenting the 
street for immoral purposes. 
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5.7 Health and well-being 
 Amenity 
Amenity: the quality of being pleasing or agreeable in situation, prospect, 
disposition, etc., pleasantness (http://dictionary.reference.com/browse/amenity).  Whilst 
there a number of factors that contribute to the perceived pleasantness of a 
particular situation at a point in time there is a suggestion that there may be a 
difference between men and women with respect to light colour temperature. 
 Women prefer warmer colour temperature light (2500K) whereas men prefer 
cooler colour temperature lighting (6500K), (Cajochen, 2014, p21). 
 Women showed no difference in sleepiness regardless of light colour 
temperature, however, men showed increased alertness in response to 
cooler colour temperature (6500K) light. 
 The reaction time for women was the same regardless of colour 
temperature, however, men showed a faster reaction time under cooler 
colour temperature light. (Cajochen, 2014, p21). 
Due to the limited number of participants in the research by Cajochen, until further 
research corroborates the findings, the above points should be considered possible 
trends only. 
 Health 
Light can affect human activity and health both positively and also not so positively. 
Published papers can give the impression that all humans respond according to the 
findings of that particular research.  The Council of Science and Public Health, 
Report 4 (Blask et al, 2012, p4), point out an important aspect.  “All humans, however, 
are not equally sensitive to light; significant individual differences exist in sensitivity 
to light for both neuroendocrine and circadian regulation.”  
Following the 2008 publication TM-18-08 Light and Human Health: An overview of 
the Impact of Optical Radiation on Visual, Circadian, Neuroendocrine, and 
Neurobehavioural Responses, the Illuminating Engineering Society of North 
America issued a position statement (IES Position Statement (PS-03-10)) 
acknowledging “… that exposure to optical radiation affects human physiology and 
behaviour, both directly (acute effects including melatonin suppression, elevated 
cortisol production, increased core temperature) and indirectly (resetting the internal 
circadian body clock).” 
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The Council of Science and Public Health, Report 4 (Blask et al, 2012, p1), indicates “… 
diseases that may be exacerbated by circadian disruption include obesity, diabetes, 
depression and mood disorders, and reproductive problems.”  
The circadian clock does not work according to the diurnal light/dark cycle but rather 
is influenced by light to keep the circadian system synchronised to the season and 
area of the world the person is located.  The circadian clock is the suprachiasmatic 
nuclei (SCN) of the hypothalamus which has an endogenous period ranging from 
23.7 hours to 25 hours even if no light related signal is received by the SCN (Blask et 
al, 2012, p3).  Exposure to light simply synchronises the individual’s circadian rhythm 
to the 24 hour situation and to the season. 
5.7.2.1 Bilirubinemia treatment 
Phototherapy is a common treatment for jaundice (bilirubinemia) in babies.  For 
moderate jaundice in babies “phototherapy transforms the bilirubin in the baby’s 
skin into a less harmful chemical 
(http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/Jaundice_in_babies).  The baby is 
placed in a warm incubator under blue lights for one or two days. 
5.7.2.2 Seasonally affected disorder (SAD) treatment 
“Seasonal affective disorder (SAD) is a form of recurrent depressive or bipolar 
disorder, with episodes that vary in severity. Seasonal patterns of depressive 
episodes are common, but SAD seems to be less common than such patterns 
suggest. SAD was at first believed to be related to abnormal melatonin metabolism, 
but later findings did not support this hypothesis. Studies of brain serotonin function 
support the hypothesis of disturbed activity. The short-allele polymorphism for 
serotonin transporter is more common in patients with SAD than in healthy people. 
Atypical depressive symptoms commonly precede impaired functioning, and 
somatic symptoms are frequently the presenting complaint at visits to family 
physicians. The best treatment regimens include 2500 lx of artificial light exposure 
in the morning.”  (Partonen, T., Lönnqvistb, J., 1998, p1369) 
5.7.2.3 Ultraviolet light use 
Ultraviolet light has 3 designated bands, UVA, UVB and UVC.  UVA 315 to 400nm) 
is usually associated with sun tanning and special effects lighting.  UVB (280-
315nm) and UVC (100-280nm) are considered very dangerous to health. 
Sun tanning with electric light has many health warnings associated with this 
practice, particularly for those regularly using such devices over prolonged periods 
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of time.  The warnings by the World Health Organisation include heightened risk of 
skin cancer, and premature skin ageing and eye damage (World Health Organisation, 
2003, pp1-14). 
Ultraviolet germicidal irradiation disinfection uses ultraviolet light at sufficiently short 
wavelengths (UVB and UVC) to kill microorganisms.  It is used in applications such 
as food, air, and water purification. 
It is also used in medical sanitation and sterile work facilities, employed to sterilize 
drinking and wastewater and (http://en.wikipedia.org/wiki/Ultraviolet_germicidal_irradiation) it 
has application in air sanitation. 
 
Figure 5.8  Elevated heart rate and core body temperature at night as a result of 
exposure to blue rich light compared to other light (Cajochen 2014, p21). 
5.7.2.4 Core body temperature and heart rate 
Figure 5.8 indicates both the heart rate and the core body temperature remain more 
elevated late at night for people exposed to high levels of blue rich light (460nm) for 
2 hours earlier that night, such as people looking at laptop screens, compared to 
people exposed to longer wavelength light (550nm) or much lower levels of light 
(Cajochen 2014, p21). 
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5.7.2.5 Cancers 
The U.S. Department of Energy (U.S. Department of Energy, 2010, p2) indicated that 
whilst there was research indicating that disruption to circadian rhythms by light at 
night (LAN) can compromise the body’s defences against cancer, there was 
insufficient evidence showing a clear cause and effect relationship to warrant 
encouraging major changes to lighting practice.  The U.S. Department of Energy did 
not want to discriminate against high blue content LED (6500K) as “… a restriction 
on spectral content would currently prevent the use of more efficient light sources, 
with clear implications in terms of pollution from electricity production.” 
Following the 2008 publication TM-18-08 Light and Human Health: An overview of 
the Impact of Optical Radiation on Visual, Circadian, Neuroendocrine, and 
Neurobehavioural Responses, the Illuminating Engineering Society of North 
America issued a position statement (IES Position Statement (PS-03-10), p1) stating that 
“… that typical exposures to exterior lighting after sunset have not been shown to 
lead to cancer or other life-threatening conditions.”  
The Council of Science and Public Health, Report 4 (Blask et al, 2012, p1), adopted by 
the American Medical Association, indicates in summary that “Limited 
epidemiological studies support the hypothesis that nighttime lighting and/or 
repetitive disruption of circadian rhythms increases cancer risk; most attention in 
this arena has been devoted to breast cancer.”  
Blask et al (Blask et al, 2009, pp347-353) reported on laboratory experiments associated 
with breast cancer research where rats with cancer xenografts were exposed to 
varying amounts of white fluorescent light during the twelve hour dark phase of the 
circadian cycle.  Light suppressed the amount of circulating melatonin which 
allowed the amount of linoleic acid to increase thereby stimulating tumour growth.  
Linoleic acid is a polyunsaturated fatty acid essential for growth of tumours.  
Increasing melatonin suppresses linoleic acid metabolic activity and reduces tumour 
growth. 
There seem to have been many studies investigating potential connection between 
a variety of cancers in men and women relating to shift work (Bhatti et al, 2012, pp231-
237, Davis, et al 2001, pp1557-1562, Parent et al 2012, pp751-759, Schernhammer et al, 2003, 
pp825-828, Schernhammer et al, 2013, pp1434-1441).  The study conclusions tend to be 
simple statements generally indicating that there may be higher risk of particular 
cancers associated with shift work.  Closer examination of the various reports 
provides more detail and is not nearly as all-inclusive as the conclusion statements 
might suggest.  For instance: 
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 A study on ovarian cancer indicated that the increased risk was associated 
with women 50 years of age and older with a suggestion that there was less 
risk for those women who preferred activity during the evenings rather than 
mornings (Bhatti et al, 2012, p236). 
 A study on lung cancer indicated there was a moderately increased risk of 
lung cancer among smokers but not among non-smokers (Schernhammer et al, 
2013, pp825-828). 
There seemed to be a common indication that results were associated with 
prolonged exposure to night work and shift work; a period of 7 to 15 years was 
indicated. 
Many of the reports indicate that there was no evidence that there was increasing 
risk with increasing duration of shift work, except for a report associated with breast 
cancer indicating the opposite, particularly associated with the ‘graveyard’ shift.  The 
increased risk of breast cancer was stated as not increasing as a result of “… 
interrupted sleep accompanied by turning on a light” (Davis, et al 2001, p1557).  
However, a study of women on Long Island New York (O’Leary et al, 2006, p358) 
indicated that “breast cancer was not associated with overall shift work…”, although, 
“women who frequently turned on lights at home during sleep hours had increased 
risks.  The latter results suggest positive associations with residential light-at-night 
exposure, or they could reflect response biases.”  Clark (Clark 2009, p34) cites this 
study as support for the negative affect of brief exposure to artificial light at night but 
does not refer to the last six words of the last sentence by the authors. 
State Governments such as Victoria issue general warnings about a multitude of 
potential (http://www.betterhealth.vic.gov.au/bhcv2/bhcarticles.nsf/pages/Shiftwork_health_effects, 
Increased risks) issues, including health issues, associated with shift work. 
“A person working night shift, which causes disruption to the circadian rhythm, is at 
greater risk of various disorders, accidents and misfortunes, including: 
 Increased likelihood of obesity  
 Increased risk of cardiovascular disease  
 Higher risk of mood changes  
 Increased risk of gastrointestinal problems, such as constipation and 
stomach discomfort  
 Higher risk of motor vehicle accidents and work-related accidents  
 Increased likelihood of family problems, including divorce  
 Probable increased risk of cancer, especially breast cancer.  
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In addition:  
 Sleep deprivation caused by shiftwork may increase the risk of epilepsy in 
pre-disposed people.  
 Shiftworkers with diabetes can experience difficulties in controlling their 
blood sugar levels.”  
Some researcher activists recommend a ‘precautionary principle’ approach as used 
in environmental legislation, that is, lack of scientific evidence of a causal 
connection should not be a reason for postponing action to prevent further 
degradation.  In this instance the reference was to the Australian Government 
regarding breast cancer, prostate cancer and light (Clark, 2009, pp36-37). 
5.7.2.6 Obesity 
A limited study of twelve healthy young men (Spiegel et al 2004, p846) found that “short 
sleep duration … is associated with decreased leptin levels, increased ghrelin 
levels, and increased hunger and appetite.”  Leptin is a hormone released by fat 
cells; a decrease in leptin indicates to the hypothalamic regulatory centres that there 
is a caloric shortage.  Ghrelin is a peptide produced primarily by the stomach and 
stimulates appetite.  Increased Ghrelin increases appetite for calorie-dense foods 
with high carbohydrate content (Spiegel et al 2004, p848-849).  There is no mention of a 
connection to artificial light by Spiegel et al, however, Clark (Clark, 2009, p31) implies 
that artificial light at night extends the day and ergo artificial light is connected to 
obesity. 
The U.S. Department of Energy (U.S. Department of Energy, 2010, p1) indicated that ”… 
the significance of optical radiation exposure relative to other health factors 
(including abnormal sleep schedule, job stress, and diet) remains unclear.” 
Fonken (Fonken 2014, presentation) indicated that changes in hormone levels by 
exposure to artificial light in a timing sequence other than those produced by the 
natural diurnal light cycle is associated with obesity based on experiments with 
mice.  However, extrapolating this generally to the human population requires 
further validation. 
5.7.2.7 Adolescent health 
Adolescent and young adult melatonin levels are significantly higher than in older 
people (refer Figure 5.9) and therefore adolescents are much more susceptible to 
the influence of light.  Not only light from luminaires, but also light from various 
devices such as mobile phones, tablets, laptop computers and also television that 
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are likely to have blue rich light.  In a survey of 8 to 18 aged participants (Cajochen, 
2014, p21), the average daily use of media increased in the decade from 1999 to 
2009 from 6 hours 19 minutes to 7 hours 38 minutes; an increase of approximately 
21 percent exposure time.  The study presented by Cajochen indicated some 
interesting results: 
1. As expected, blue rich light from LED screens shifted the timing of melatonin 
concentration.  Figure 5.10 indicates a delay of 60 minutes.  
2. Increased alertness and response as a result of blue rich light from LED 
screens, Figure 5.11.  Cajochen also noted that whilst there was no 
difference in results identifying known word pairs when exposed to the 
different light spectra, there was an increase in the identification of new word 
pairs (increased learning) using blue rich light from LED screens. 
 
Figure 5.9  Melatonin levels in younger and older people (Cajochen, 2014, 
presentation at ALAN2014). 
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Figure 5.10  Delay in melatonin development at night in adolescents as a result of 
blue rich LED light from computer screens (Cajochen, 2014, presentation at 
ALAN2014). 
 
  
Figure 5.11  Increased alertness and response at night in adolescents as a result 
of blue rich LED light from computer screens (Cajochen, 2014, presentation at 
ALAN2014). 
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5.7.2.8 Causes of death  
The purpose of this section is to provide a general over-view of the causes of death 
in Australia and to place the health issues indicated in section 5.7.2 into 
perspective. 
Table 5.7 indicates the highest ranked causes of death in Australia in 2012 based 
on doctor and coroner certification.  The top 20 rankings account for 66 percent of 
all deaths.  The highlighted areas are linked to the items listed above under section 
5.7.2 although the extent is not known. 
The main cause of death varies according to age group 
(http://www.healthstats.nsw.gov.au/Indicator/bod_dth_cat).  Ischaemic heart disease, that is, 
the risk of artery narrowing, can be as a result of many causes and increases with 
age, smoking, high blood cholesterol, diabetes, and high blood pressure and 
obesity.  Unwanted light at night might influence some of the factors that are part of 
the percentage of deaths as indicated in Table 5.7.  
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Rank  Cause of death and ICD code No. % 
 
1 Ischaemic heart diseases (I20-I25) 20 046 13.87 
2 Cerebrovascular diseases (I60-I69) 10 779  
3 Dementia and Alzheimer disease (F01, F03, G30) 10 369  
4 Trachea, bronchus and lung cancer (C33-C34) 8 137  
5 Chronic lower respiratory diseases (J40-J47) 6 649  
6 Diabetes (E10-E14) 4 239 2.93 
7 Colon, sigmoid, rectum and anus cancer (C18-C21) 4 051  
8 Blood and lymph cancer (including leukaemia) (C81-
C96) 
4 001 
 
9 Diseases of the urinary system (N00-N39) 3 711  
10 Heart failure (I50-I51) 3 489  
11 Prostate cancer (C61) 3 079 2.13 
12 Breast cancer (C50) 2 819 1.95 
13 Influenza and pneumonia (J09-J18) 2 719  
14 Intentional self-harm (X60-X84)(c) 2 535  
15 Pancreatic cancer (C25) 2 524  
16 Skin cancers (C43-C44) 2 036  
17 Accidental falls (W00-W19) 1 997  
18 Hypertensive diseases (I10-I15) 1 858  
19 Cardiac arrhythmias (I47-I49) 1 720  
20 Cirrhosis and other diseases of liver (K70-K77) 1 547  
 
(a) Causes listed are the leading causes of death for all deaths registered 
in 2012, based on WHO recommended tabulation of leading causes. 
(b) The top 20 leading causes of death accounted for 66.8% of all deaths. 
(c) In 2012, 88.3% of deaths were certified by a doctor. The remaining 11.7% 
were reported to a coroner. 
Table 5.7  Top twenty causes of death in Australia in 2012 according to the 
Australian Bureau of Statistics. 
(http://www.abs.gov.au/ausstats/abs@.nsf/Lookup/3303.0main+features100012012). 
5.8 Places of worship 
Light features in every major religion.  Light is used to provide safe worship, to 
enhance the religious experience, to feature internal spaces and architecture and to 
highlight historic and significant buildings.  Inappropriate floodlighting of exterior 
facades adds unnecessary light into the night sky environment. 
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5.9 Conclusion 
Electric light has extended the possible period for human activity to 24 hours per 
day for any activity requiring light and with minimal inconvenience to accommodate 
increasingly busy lifestyles.  The adoption and expansion of activity is driven by 
aspirations for increased economic growth and profitability of business ventures.  
Electric light has influence on many aspects of human activity including; commerce, 
travel, social activities, sport, art, health, and religion.  Whilst electric light in some 
applications has been found to have beneficial health effects it is also being linked 
to increased risk of detrimental health effects for some people. 
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6 Reaction from various sectors of society 
6.1 Introduction 
There has been reaction to unwanted light from various sectors of society.  The 
range of reactions is diverse, from Governments legislating to protect the 
environment and threatened and migratory species of fauna, professional 
astronomers protecting the night sky and their livelihoods and amateurs protecting 
the night sky for their hobby.  Apart from Government bodies such as the Civil 
Aviation Safety Authority (CASA) there are non-government industry bodies such as 
the Green Building Council of Australia (GBCA), the Infrastructure Sustainability 
Council of Australia (ISCA) and Standards Australia that limit light at night in various 
ways. 
There are a number of lobby groups, mostly astronomy based, speaking out against 
unwanted light at night.  The International Dark-sky Association (IDA) is very active 
around the world and in Australia and liaises with the Astronomy Society of Australia 
(ASA), the Sydney Observatory and the Sydney Outdoor Lighting Society (SOLiS) 
and in Canberra the Outdoor Lighting Reform Action Group (OLRAG). 
Also, in a people powered protest movement intended to persuade politicians to 
participate in climate change action, Earth Hour was initiated with an hour when 
non-essential commercial building lighting is switched off. 
6.2 Government 
 Generally 
Government responds to the potential effect that proposed developments might 
produce generally on the environment in accordance with legislative requirements, 
international agreements, and relevant Australian Standards and codes of practice. 
Some requirements are covered by both Federal and State legislation and therefore 
have to work in parallel particularly in respect of environmental impact assessments 
resulting in an Environmental Impact Statement (EIS) or Environmental Effects 
Statement (EES).  Local Government will require compliance with various stake 
holders (refer 6.2.2) requirements even if an EIS (or EES) is not required and will 
also require compliance with relevant Australian Standards and codes of practice 
such as AS4282–1997 Control of the obtrusive effects of outdoor lighting. 
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Large or significant development proposals require the preparation of an EIS (or 
EES), that has to be approved by State and or Commonwealth Government before 
that proposed development or activity can proceed.  The correct legal name for the 
document and the details of the process involved can vary across Australia; 
however, the principles are the same. The purpose of an EIS is to show that a 
proposed development or action will potentially only create a specified impact on the 
environment. 
In New South Wales, if the proposed development will affect land acquired under 
the National Parks and Wildlife Act 1974, a Review of Environmental Factors (REF) 
is required by the Department of Environment, Climate Change and Water 
(DECCW).  An REF indicates whether the activity is likely to have a significant effect 
on the environment or significantly affect threatened species, populations or 
ecological communities or their habitats.  It also documents whether an activity 
should be approved and appropriate conditions required should approval be given 
(DECCW, 2011, pp1-62).  If it is determined that there may be an effect on the 
environment then an Environmental Impact Statement (EIS) is required. 
In respect of lighting it would be expected that the EIS report would show by 
research and investigation, that a proposed development or action would have nil or 
little unwanted lighting effect in the immediate environment particularly relating to 
any aspect that was the trigger indicating the need for an EIS.  If there was some 
effect a management strategy is required to indicate how those effect(s) are to be 
managed and minimized. 
Two assumptions associated with establishing nil or little unwanted lighting effect 
are: 
i. A snapshot in time of the existing ambient lighting environment represents 
the status quo of current environmental conditions along with their existing 
rate of change.  The assumption implied and sometimes erroneously stated 
is that there is some static ideal ‘natural’ environmental state (Underwood 2001 
pp24-25) against which all should be compared. 
ii. Ecological assessments provide statements on significant species known to 
inhabit the area of interest, based on accepted sampling techniques and 
observation. 
Not all developments require an EIS.  There are different levels of assessment 
depending on the location and the significance of the project.  Determining whether 
or not a project requires an EIS and the specifics of ‘significant’ issues is a process 
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of consultation (Department of Natural Resources, Environment, The Arts and Sport, Northern 
Territory Government 2014, pp1-12) with State and Territory Governments and the 
Commonwealth Government as appropriate.  Guidance on the process is provided 
by various Government bodies (refer Table 6.1). 
 EIS process 
The Minister for the Environment (actual title of the Government body responsible 
for the environment varies across Australia) prepares an EIS guideline in 
consultation with other advisory bodies and issues that to the proponent.  The 
proponent prepares a draft EIS for exhibition. 
Commonwealth legislation may also apply and therefore both State/Territory and 
Commonwealth requirements have to be addressed in parallel.  There is bilateral 
State/Territory and Commonwealth agreement to minimise duplication of processes 
(refer Table 6.2).  Where both State/Territory legislation and Commonwealth 
legislation applies, the investigation and report will be prepared in consultation with 
the State/Territory administration and forwarded to the Commonwealth for review 
with the Minister for Sustainability, Environment, Water, Population and Community 
announcing the outcome of all consultation. 
In principle, State/Territory requirements are similar and although different 
administrative bodies provide advice the terminology is similar with only minor 
variations.  Guidance documents are provided by various administrative bodies to 
assist in the preparation of reports. Only some guidance documents specifically 
nominate lighting be considered (refer Table 6.1). 
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Table 6.1  A survey of Government guidelines to assist with Environmental Impact Statement (or equivalent) preparation 
Government Department/body Document Title Legislation Assessment Tool Comments 
Commonwealth Department of 
Sustainability, 
Environment, 
Water, Population 
and Communities 
Environment 
Protection and 
Biodiversity 
Conservation Act  
1999 
Environment 
Protection and 
Biodiversity 
Conservation 
(EPBC) Act  1999 
Environmental 
Impact Statement 
(EIS) 
Lists threatened 
species, updated at 
regular intervals.  
Lists extinct, 
critically 
endangered, 
endangered, 
vulnerable and 
conservation 
dependant species 
of threatened fauna 
Queensland Environmental 
Protection 
Authority and 
Queensland Parks 
and Wildlife 
Service 
A Guide to 
Environmental 
Impact Assessment 
EPBC Act 
(Commonwealth) 
Nature Conservation 
Act 1992 (NC Act),  
Marine Parks Act 
1982 (MP Act), 
Environmental 
Protection Act 1994 
(EP Act) 
Environmental 
Impact Assessment 
(EIA) 
No specific mention 
of lighting 
 
New South Wales Department of 
Environment, 
Climate Change 
and Water 
(DECCW) 
Review of 
Environmental 
Factors (REF) 
For activities within 
lands reserved or 
acquired under the 
National Parks and 
Wildlife Act 1974. 
Review of 
Environmental 
Factors (REF) 
standard template 
If an REF 
determines that a 
proposal might 
significantly affect 
threatened species, 
populations or 
ecological 
communities or their 
habitats then an EIS 
and/or species 
impact statement 
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Table 6.1  A survey of Government guidelines to assist with Environmental Impact Statement (or equivalent) preparation 
Government Department/body Document Title Legislation Assessment Tool Comments 
(SIS) has to be 
prepared. 
New South Wales Department of 
Planning 
 
Department of 
Planning 
 
 
Department of 
Urban Affairs and 
Planning (DUAP) 
NSW Major Projects 
Assessment 
System, A 
Community Guide 
Aquatic Ecology in 
Environmental 
impact Assessment 
EIA Guideline Series 
Marinas and Related 
Facilities EIS 
Guideline 
Environmental 
Planning and 
Assessment Act 
1979 
 
 
 
 
 
 
 
 
Environmental 
Impact Statement 
(EIS) 
No specific mention 
of lighting 
 
No specific mention 
of lighting 
 
 
Lists indirect effects 
of light impacts on 
fauna to be 
considered. 
Victoria Sustainability and 
Environment 
Ministerial 
guidelines for 
assessment of 
environmental 
impacts under the 
Environmental 
effects Act 1978. 
Environmental 
Effects Act 1978 
Environmental 
effects Statement 
(EES) 
No specific mention 
of lighting 
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Table 6.1  A survey of Government guidelines to assist with Environmental Impact Statement (or equivalent) preparation 
Government Department/body Document Title Legislation Assessment Tool Comments 
Tasmania Environmental 
Protection 
Authority of 
Tasmania 
General guidelines 
for the preparation 
of a Development 
proposal and 
Environmental 
management plan 
for level 2 activities 
and ‘called in’ 
activities. 
 
 
 
 
 
Environmental 
management and 
Pollution Control Act 
1994 
Environmental 
Impact Assessment 
(EIA) 
No specific mention 
of lighting 
 
South Australia Environmental 
Protection 
Authority of South 
Australia 
Development Act 
1993 
Development Act 
1993 
 
Environment 
Protection Act 1993 
Adelaide Dolphin 
Sanctuary Act 2005 
Marine Parks Act 
2007 
Environmental 
Impact Statement 
(EIS) 
No specific mention 
of lighting 
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Table 6.1  A survey of Government guidelines to assist with Environmental Impact Statement (or equivalent) preparation 
Government Department/body Document Title Legislation Assessment Tool Comments 
Western Australia Environmental 
Protection 
Authority of 
Western Australia 
 
 
 
Environmental 
Protection 
Authority of 
Western Australia 
Environmental 
Guidance for 
Planning and 
Development 
 
 
 
Environmental 
Assessment 
Guidelines, No.5 
Environmental 
Assessment 
Guideline for 
Protecting marine 
Turtles from Light 
Impacts 
Wildlife Conservation 
Act 1950, 
Environmental 
Protection Act 1986, 
Conservation and 
Land management 
Act 1984 
Environmental 
Impact Assessment 
(EIA) 
Specifically 
mentions lighting 
C5.1 Light spill 
C5.1.1 Light spill 
and public amenity 
C5.1.2 Light spill 
and fauna and flora 
 
Provides detailed 
description of the 
problems and 
guidance for design 
of lighting in marine 
turtle nesting areas. 
Northern Territory Department of 
Natural 
Resources, 
Environment, The 
Arts and Sport 
Guide to the EIA 
Process in the 
Northern Territory 
Environmental 
Assessment Act 
1994 
Environmental 
Impact Statement 
(EIS) 
No specific mention 
of lighting 
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Table 6.2  State/Territory and Commonwealth EIS co-operation 
Bilateral agreement 
Commonwealth State  
DSEWPC: 
State Department/body 
prepares the EIA (or 
equivalent) and submits it 
to the Federal Minister for 
a decision. 
Federal Minister 
announces decision. 
DECC broad role, advice, 
research and 
administration.  EPA is a 
part of DECC  
EPA advises State 
Government on 
environment.  Other 
stake holders/ advisory 
bodies also provide 
input. Name of 
stakeholders varies 
State to State although 
similar in principle. 
 Triggers indicating the need for an EIS 
The triggers for Commonwealth Environmental Impact Assessment are: 
1. Matters of national environmental significance; 
a. World heritage Ramsar wetlands – natural or man-made wetlands 
listed (ongoing) under the international agreement signed in Ramsar, 
Iran, 1971 
b. Listed threatened species and communities 
c. Migratory species 
d. Nuclear activities 
e. Commonwealth marine environments 
2. Commonwealth land; 
3. Commonwealth agencies action; 
The significance of lighting in an EIS (or EES) will depend on determining if listed 
threatened species and communities, migratory species, Commonwealth marine 
environments, Commonwealth land, Ramsar wetlands are present or may be 
potentially affected.  The zones of potential effect can be vast when considering 
aspects such as marine environments and highly protected areas such as national 
heritage forests in Tasmania. 
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 Other stake holders 
In each State/Territory and in Commonwealth only environments, there will be other 
stakeholders that may be engaged in the process.  For instance in New South 
Wales direct consultation will be with the Department of Urban Affairs and Planning 
(DUAP).  DUAP will be working in consultation with the Department of Environment 
and Climate Change and Water (DECCW) of which the Environmental Protection 
Authority (EPA) is a part and other advisory bodies, as appropriate, such as 
National Parks and Wildlife Service, Department of Land and Water Conservation, 
and NSW Fisheries; all or some of which will participate depending on the project. 
 EPBC Act and international agreements for migratory species 
Migratory species are species that migrate to Australia and its associated territories, 
or pass through or over Australian waters during their annual migrations.  There are 
requirements under the EPBC Act and also under international agreements.  The 
list of migratory species established under section 209 of the EPBC Act comprises: 
 migratory species which are native to Australia and are included in the 
appendices to the Bonn Convention. The Convention was signed in 1979 in 
Bonn and entered into force in 1983.  The Convention on the Conservation 
of Migratory Species of Wild Animals is an inter-government treaty, under 
the United Nations Environment Programme, concerned with the 
conservation of wildlife and habitats on a global scale. The aim of the 
Convention is to conserve terrestrial, marine and avian migratory species 
throughout their range across the world.  Migratory species threatened with 
extinction are listed on Appendix I of the Convention. Migratory species that 
need or would significantly benefit from international co-operation are listed 
in Appendix II of the Convention; 
 migratory species included in annexes established under the Japan-
Australia Migratory Bird Agreement (JAMBA) and the China-Australia 
Migratory Bird Agreement (CAMBA); and 
 native, migratory species identified in a list established under, or an 
instrument made under, an international agreement approved by the 
Minister, such as the Republic of Korea-Australia Migratory Bird Agreement 
(ROKAMBA). 
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 Civil Aviation Safety Authority (CASA) 
The Federal Government Civil Aviation Safety Authority (CASA) has a document 
(refer section 7.3) providing guidance for lighting design within a 6 kilometre radius 
of any runway of an airport limiting direct upward light with zero tolerance 3 degrees 
above the horizontal that might interfere with pilots seeing for safe take-off and 
landing of aircraft. 
CASA does not provide approval of compliance but reserves the power to require 
lighting to be changed at any time in the future should any pilot complain. 
6.3 Astronomers 
Most publicity and attention regarding unwanted light effects (expressed negatively 
as light pollution) in recent decades has been spear headed by astronomers (both 
professional and amateur) concerned at the loss of visibility of celestial bodies as 
sky glow resulting from electric light sources increases. 
Issues related to artificial light and fauna are not new and have been reported for 
considerably longer than the last few decades with examples such as early 19th 
century reports of (http://wildbirdsbroadcasting.blogspot.com.au/2009/02/destruction-of-birds-from-
striking.html) considerable numbers of bird strikes and deaths on light houses across 
a diversity of bird species.  However, the availability of the internet and electronic 
media has changed communication and the astronomy community is using that 
effectively (refer section 6.5.1) to bring attention to the issue. 
 Professional 
Astronomy is a business:  very large investments by Governments in specialised 
assets, staff and livelihoods - there is a lot to protect.  It is understandable that 
planning instruments such as the Orana Regional Environmental Plan No 1 – Siding 
Spring (refer section 7.2.2 and Figure 6.1) exist.  However, astronomy is not limited 
to instrumentation fixed on Earth. 
In 1975 NASA launched airborne facilities.  For over twenty years, the Kuiper 
Airborne Observatory (KAO) with a 36-inch reflecting telescope flew above 99 
percent of the Earth's infrared-absorbing water vapour at altitudes of 41,000 to 
45,000 feet, Figure 6.2 (smaller aircraft).  That was superseded by the Stratospheric 
Observatory for Infrared Astronomy, Figure 6.2 jumbo aircraft to the right. 
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Figure 6.1  Siding Spring Observatory, Warrumbungle National Park, near 
Coonabarabran, New South Wales. 
(http://rsaa.anu.edu.au/observatories/siding-spring-observatory - image 3 from image gallery) 
 
Figure 6.2  The KAO aircraft to the left superseded by SOFIA in the jumbo aircraft to 
the right (http://science.nasa.gov/missions/kao/ - photo by Ames/Eric James). 
The Hubble Space Telescope (refer Figure 6.3) was launched in April 1990 and 
orbits 559 kilometres above the Earth.  Any astronomer in the world can submit a 
proposal and request time on the Hubble telescope. 
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The Hubble telescope uses a Cassegrain reflector, that is, light hits the telescope's 
primary mirror, bounces back off the primary mirror and encounters a secondary 
mirror; the secondary mirror focuses the light through a hole in the centre of the 
primary mirror that leads to the telescope's science instruments.  
The Hubble telescope is the direct solution to a problem that ground based 
astronomy has always had: the atmosphere.  Shifting air pockets in the Earth's 
atmosphere distort the view of telescopes on the ground, and this "atmospheric 
distortion" is the reason that the stars seem to twinkle when viewed from Earth.  The 
atmosphere also partially blocks or absorbs certain wavelengths of radiation, such 
as ultraviolet, gamma and X-rays, before they can reach Earth. Using the Hubble 
telescope scientists can best examine an object like a star by studying it in all the 
types of wavelengths that it emits. 
 
Figure 6.3  The Hubble Space Telescope 
(http://hubblesite.org/the_telescope/hubble_essentials/index.php - images copied from 
separate parts of the website). 
According to the Astronomical Society of Australia the following is a list of 
professional observatories: 
Optical: 
 Siding Spring Observatory (RSAA, ANU) located near Coonabarabran, 
NSW, includes the Australian Astronomical Observatory Anglo-Australian 
and UK Schmidt telescopes. 
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 Sydney University Stellar Interferometer (SUSI):   a long-baseline optical 
interferometer located approximately 20km west of Narrabri, NSW. 
 Perth Observatory:  sited 25 kilometres east of Perth at Bickley near Mount 
Gungin in the Darling Range.  In 2013 the WA Government ceased funding 
to all research and the site is now only open for tours and education. 
 Mt Canopus Observatory (TAS):  a cassegrain reflector telescope located 
approximately 12 km from Hobart operated by the University of Tasmania. 
 Mt Kent Observatory (QLD):  a dark-sky site in Cambooya Shire, near 
Toowoomba in Queensland.  The location houses the Webb telescope, the 
O’Mara telescope and the University of Louisville telescope. 
Other than optical: 
 Australia Telescope Compact Array (ATNF):  the Paul Wild Observatory, is 
an array of six 22m antennas used for radio astronomy operated by the 
CSIRO. It is located about 25 km west of the town of Narrabri, NSW. 
 Canberra Deep Space Communication Complex (Tidbinbilla, ACT) provides 
support for spacecraft. 
 CANGAROO at Woomera, SA:  collaboration of Australia and Nippon 
(Japan) for a GAmma Ray Observatory in the Outback, is an international 
collaboration for Gamma-ray Astrophysics, to study the existence and 
properties of very high energy gamma rays from celestial objects in the 
southern sky by using imaging atmospheric Cherenkov telescopes. 
 Ceduna Radio Telescope (SA):  acquired by the University of Tasmania in 
1995 for radio astronomy. 
 Molonglo Observatory Synthesis Telescope (MOST):  a radio telescope 
located near the Molonglo River (ACT) operated by the University of Sydney. 
 Mt Pleasant Observatory (TAS):  a radio telescope that can also be used for 
satellite tracking, operated by the University of Tasmania.  Located 
approximately 20 kilometres east of Hobart, Tasmania. 
 Parkes Radio Observatory (ATNF):  64m radio telescope near Parkes, NSW. 
 Mopra Observatory (ATNF):  a single dish radio telescope located near the 
Siding Spring Observatory and operated by the CSIRO through the Paul 
Wild Observatory. 
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6.3.1.1 Sky glow 
Refer section 4.7. 
6.3.1.2 The effect of clouds 
Simultaneous measurements in 2010 in Berlin and 32 kilometres distant at a rural 
location on clear nights (0 - 1 Oktas) and on fully overcast nights (ie 8 Oktas) 
indicated that on a clear night the urban/rural sky luminance was 2.4/0.43 mcd/m2 
(5.6:1) whilst on a fully overcast night the urban/rural luminances were 26/1.4 
mcd/m2(18.6:1) indicating that the sky luminance (brightness mag/arcsec2) was 3.3 
times greater in the urban environment with a fully overcast sky compared to a clear 
sky Kyba et al, (Kyba et al 2011, no page numbers). 
6.3.1.3  ‘Sky glow’ Models 
The development of mathematical ‘sky glow’ models is currently driven by the 
astronomical fraternity.  ‘Sky glow’ models started with clear night analysis as that is 
when astronomical observation is conducted.  Also, from the point-of-view of 
astronomy, the ‘sky glow’ from industrialisation and urbanisation such as from cities 
or towns is the focus rather than smaller scale lighting installations such as the 
effect of proposed lighting on a local sports field, exterior lighting around a high 
density housing project or exterior lighting associated with a factory extension. 
However, more recently the amplifying effect of cloud has been noted (refer section 
6.3.1.2 above) and ‘sky glow’ models now include overcast skies (Kocifaj 2007, pp3013-
3022, Kocifaj 2009, p4650).  ‘Sky glow’ models should include the properties of airborne 
aerosols such as “… size/shape, distributions, refractive index and chemical 
composition …“as well as characteristics such as “… asymmetry parameter, single 
scattering albedo, and optical thickness of individual atmospheric constituents …” 
(Kocifaj 2008). 
Mathematical models do not use luminaire intensity distributions as per current light 
engineering practice but rather a mathematical model that represents a city as the 
light source (Garstang 1986, pp364-375, Kocifaj 2008, pp792-798).  A circular city of uniform 
brightness is assumed with the total “brightness” proportional to the population. 
One of the conclusions of modelling for clear skies (Kocifaj, 2007, p3020) was that 
radiances may increase by approximately 2 orders of magnitude when the distance 
from the observer of a light source is reduced from 5km to 1km.  An order of 
magnitude in astronomical nomenclature is a factor of 2.512. 
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 Amateur 
The Astronomical Society of Australia lists 56 amateur astronomical societies 
throughout Australia (http://astronomy.org.au/education/observatories-planetaria/).  New South 
Wales is credited with 23, Victoria with 12, Queensland with 11, Western Australia 
4, Northern Territory 3, South Australia 2 and Tasmania 1. 
The Astronomical Society of Australia (ASA) lists 35 “Significant Amateur 
Society/Private Observatories” (refer Table 6.3) and the website is encouraging as 
many as possible to register for the ASA to determine and list all facilities. 
 
NSW (15) VIC (9) QLD (5) SA (5) WA (1) NT&
TAS 
Armidale Ballarat Ballandean Adelaide Nedlands  
Bathurst Frankston Cambroon Douglas Scrub   
Boambee Frankston Oakey Hazelwood   
Bucketty Heathcote Taylor Range Penwortham   
Coonabarabran Melbourne Wellington Pt Stockport   
Crago Mt Burnett     
Darby’s Falls Tetoora     
Green Point Woodend     
Grove Creek      
Heathcote      
Leura      
Linden      
Mongarlowe      
Mt Tarana      
Weston      
Table 6.3  Significant amateur society/private observatories listed by ASA (summarised 
from list, http://astronomy.org.au/education/observatories-planetaria/, 14th December 2014). 
6.4 Professional Bodies 
 Green Building Council of Australia 
The 2000 Sydney Olympics ‘green’ games project involved design environment 
management plans and operational environmental management plans but lacked 
guaranteed measureable targets.  However, the Sydney Olympics forged a 
collaborative partnership that was to reshape Australia’s built environment 
(https://www.gbca.org.au/uploads/170/34474/A_decade_of_green_building_.pdf). 
The Green Building Council of Australia (GBCA) was formed in 2002 as an industry 
body.  A voluntary environmental rating scheme, Green Star, was developed to 
evaluate the environmental design and achievements of buildings.  A senior 
executive member of Property Council of Australia staff was seconded to help 
 
Unwanted lighting effects at night in Australia 
193 
develop the GBCA and subsequently Green Star rating has become one of the 
marketable features of property. 
Green Star is an Australian version of the English BREEAM (Building Research 
Establishment Environmental Assessment Method) and the American LEED 
(Leadership in Energy and Environmental Design) systems.  The Green Star system 
adopts the IDA criteria and wording for no light directed above the horizontal and 
provides one credit point for that achievement. 
 Infrastructure Sustainability Council of Australia 
The Infrastructure Sustainability Council of Australia (ISCA) is a member-based, 
not-for-profit industry (public and private) council.  On the 28th February 2008, the 
Australian Green Infrastructure Council (AGIC) was launched in Queensland and 
spread throughout Australia and in 2013 changed its name to the Infrastructure 
Sustainability Council of Australia. The ISCA’s mission is to enhance the liveability 
and productivity of Australia’s major cities and regional communities through 
advancing sustainability in infrastructure planning, procurement, delivery and 
operation. 
A rating tool similar to Green Star was released in 2012 and is increasingly being 
adopted.  A number of theme areas can be used to obtain the approval credits for 
one of three grades.  Dis-5 indicates lighting shall comply with AS/NZS1158 and 
AS4282 as well as limiting the upward light ratio to less than 5 percent.  Interestingly 
the preface of AS4282 excludes road and public area lighting (ie AS/NZS 1158) on 
the basis of safety. 
However, in a separate theme of Ecology, apart from specifically noting that light 
spill is an important consideration, there is a significant emphasis on sustaining and 
preferably enhancing ecological systems to benefit biota as an integral part of the 
proposed infrastructure development. 
 Standards Australia 
Standards Australia’s selection to develop or revise a standard is currently based on 
the strength of a Net Benefit case; robustness of the project proposal; stakeholder 
consultation and support; and the availability of Standards Australia resources.  
Every Australian Standard, regardless of who develops it, must demonstrate 
positive Net Benefit to the community as a whole. It must provide a value 
(http://www.standards.org.au/StandardsDevelopment/Developing_Standards/Pages/Australian-
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Standards-Guiding-Principals.aspx) or benefit that exceeds the costs likely to be imposed 
from its development and implementation. 
“Each standard is developed by a balanced committee made up of technical, 
business, academia, government and community experts who come together to 
debate how a product or system should perform and how it should be made. Before 
finalisation, every standard is subject to public comment to ensure everyone with an 
interest in the subject has the opportunity to have an input”, 
(http://en.wikipedia.org/wiki/Standards_Australia). 
Australian Standards are not legal documents per se, being recommendations only, 
however, should an issue be raised in a court of law for which there is a Standard 
there has to be shown very substantive and extenuating circumstances as to why 
the recommendations in the Standard were not followed.  Some Standards are 
called up into legislation by Government and therefore those standards become 
mandatory. 
Over 70 of Australia’s leading industry, government and consumer organisations 
form the Members of the Standards Australia Council. The Standards Australia 
Council is responsible for the general oversight of standardisation in Australia and 
the governance of Standards Australia 
(http://www.standards.org.au/StandardsDevelopment/Developing_Standards/Pages/Australian-
Standards-Guiding-Principals.aspx).  Standards Australia is an independent, not-for-profit 
organisation, a non-government Standards body, recognised through a 
Memorandum of Understanding with the Commonwealth Government. 
6.5 Lobby Groups 
 International Dark-sky Association (IDA) 
The nascent International Dark-sky Association (IDA) started in the United States 
in1988.  IDA was dominated by Astronomers, professional, academic and amateur, 
whose initial objectives were to arrest the rate of change of a rapidly diminishing 
dark night sky.  IDA lobbied Governments, local, regional and national.  Within the 
IDA there appears to be a diversity of views from early extreme ‘no outdoor lighting’ 
and ‘no light emanating from buildings’ to more moderated views allowing some 
uplighting providing the light strikes the target directly instead of providing direct 
upward waste light into the night sky. 
IDA has since that time sponsored conferences (such as ALAN2014) and 
gatherings around the world that further their objectives. IDA promotes papers that 
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highlight IDA views on what good lighting should be, papers that highlight negative 
aspects of light such as indicating links to cancer and disruption to cycles of 
melatonin production/suppression, disorientation and mis-orientation in various 
animal species and resultant mortalities.  IDA and the Illuminating Engineering 
Society of North America (IESNA) have co-operated together to produce the Model 
Lighting Ordinance in 2011 which is a more restrictive version of AS 4282-1997.  
The IDA also provides a luminaire rating system, Fixture Seal of Approval (FSA) for 
outdoor luminaires that only provide direct downward light and if containing LED as 
the light source the LED correlated colour temperature to be no greater than 3000K. 
In 1990 Mr Reg Wilson became the Australian ambassador of IDA and went on to 
be appointed to the Board of Directors for five consecutive three year terms (private 
communication with Mr R Wilson 18th August 2014). 
 Loss of Night Network (LoNNe) 
The Loss of Night Network (LoNNe) central office is located in Germany 
(http://www.cost-lonne.eu/).  LoNNe has a network of members throughout Europe with 
similar objectives to the International Dark-sky Association (IDA). 
 The Astronomy Society of Australia (ASA) 
The ASA has lobbied for direct representation on Australian Standards with 
anything associated with outdoor lighting.  Currently the ASA is represented on two 
committees - LG2 (Road Lighting) and LG10 (AS 4282 Obtrusive Lighting) and has 
requested membership of the Sports Lighting Committee but without success to 
date. 
 Sydney Observatory 
Dr Nick Lomb was Curator of the Sydney Observatory (Powerhouse Museum) and a 
strong critic of outdoor lighting in the Sydney Central Business district.  Comment 
was provided on DR96417, the draft AS4282 standard indicating that the standard 
should be far more restrictive.  Dr Lomb co-ordinated action between SOLIS and the 
IDA over a period of time lobbying the City of Sydney on various projects with a 
view to reducing outdoor lighting.  The role of Curator has recently been filled by 
Toner Stevenson. 
 Sydney Outdoor Lighting Improvement Society (SOLIS) 
SOLIS was formed by Mr Ken Petersen in 1997 and it was incorporated in 1998 
(private communication with Mr K Petersen 25th August 2014).  Mr Petersen was interested in 
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amateur astronomy and together with Mr M Smith, proprietor of an astronomy shop, 
and Mr W Samson whose forte was marketing and presentation, provided a 
submission to City of Sydney Council regarding their outdoor lighting strategy.  
Since that time SOLIS has been consulted on every outdoor lighting proposal. 
Mr Petersen connected with Mr R Wilson (IDA) and with Mr N Lomb, Manager of 
Sydney Observatory at that time.  Currently SOLIS hold monthly meetings at 
Sydney Observatory.  Mr Petersen is a passionate follower and strict adherent to 
fundamental IDA recommendations and has firm views to limit car headlights, road 
lighting, outdoor advertising, household lighting with no blinds or curtains, and 
restrictive use of household outdoor security lighting. 
An achievement that Mr Petersen was proud of was working with Dr Zeny Edwards 
of the National Trust NSW and having the skies above NSW granted ‘heritage 
status’ in March 2008.  It is not clear what that means in reality, however, Dr 
Edwards is quoted in the SOLIS Newsletter of September 2009, page 2, as saying 
“Unnecessary lighting of buildings at night diminishes our enjoyment of the stars … 
A clear view of the sky is the right of every Australian and should be preserved.”  
 The Outdoor Lighting Reform Action Group 
The Outdoor Lighting Reform Action Group (OLRAG) is a group formed in 1996 as 
part of the Canberra Astronomical Society for action against light pollution 
(https://www.mso.anu.edu.au/cas/southerncross/sc_200012.html, no page numbers).  The group 
was boosted by the visit and lecture in 1997 by International Darksky Association, 
Executive Director Dr Dave Crawford.  OLRAG has been active on a number of 
issues including carbon pollution and climate change as well as light pollution. 
6.6 Others 
 Earth hour 
Earth Hour requires participants to turn out all non-essential lighting within buildings 
for one hour as a symbolic gesture supporting climate change by saving energy.  It 
is a protest movement intending to use ‘people power’ to persuade politicians to 
participate in climate change action (http://earthhour.org.au/about/, accessed 8th Dec 2014, no 
page numbers). 
Earth Hour was initiated in Sydney in 2007, with 2,100 businesses participating in 
the ‘lights off’ event and one year later, Earth Hour became a global phenomenon 
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with over 35 countries participating and in 2014, Earth Hour was celebrated in over 
162 countries. 
Earth hour is strongly supported and promoted by organisations such as IDA as it 
demonstrates the contribution light emanating from within buildings contributes to 
the night-time environment by being dramatically absent for one hour.  Reducing 
light emanating from inside buildings is one of the objectives of IDA. 
6.7 Conclusion 
There is both Federal and State based legislation working in parallel to protect the 
environment.  Legislation and international agreements together protect threatened 
flora and fauna based on data bases that are constantly updated.  Unfortunately, 
those data bases provide very little useful information in respect of unwanted light 
and its potential effects. 
The actual legal instrument(s) applicable to a particular proposed development 
depends on the location and the significance of the proposed development.  If one 
or more of the triggers for an Environmental Impact Statement is present, a detailed 
investigation and report is required to indicate the potential effect and any mitigation 
measures proposed. 
The effects of unwanted light at night in Australia ‘on humans’ is currently covered 
only by very specific applications such as in the vicinity of airports.  Generally in 
Local Government areas the potential effects on humans is covered by Standards 
Australia AS4282-1997 Control of the obtrusive effects of outdoor lighting.  The 
ability to view and record unpolluted data about stars and other celestial bodies is 
protected by legislation such as that requiring compliance with the Orana Regional 
Environmental Plan No 1. 
The astronomy community leads the protest, lobbying and action against the loss of 
the night sky by unwanted light at night.  The International Dark-sky Association 
(IDA) is particularly active networking, campaigning, lobbying and encouraging other 
like-minded associations around the world including those in Australia.  In more 
recent times the IDA has broadened investigation into areas such as biology, 
ecology, neuroscience and health as well as astronomy in respect of the negative 
effects of light at night.  The IDA also provides recommendations on what it views to 
be appropriate lighting and provides a luminaire approval scheme to encourage use 
of appropriate luminaires by end users and for luminaire manufacturers to produce 
appropriate luminaires. 
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Various industry energy/sustainability bodies have adopted one or two IDA 
recommendations into their rating schemes, recommendations that primarily prohibit 
direct upward light and tend to favour the use of LED.  Unfortunately, no restriction 
is placed on the spectral characteristics of LED at this time even though the IDA 
recommends against the use of blue rich white LED light.  These schemes 
potentially provide greater marketability of properties and businesses and therefore 
the items within each of the rating schemes is spreading due to the financial 
advantage that that might provide. 
Earth hour, which was started as a protest against perceived insufficient action by 
Government against climate change, has been endorsed by the IDA as the switch-
off is promoted as proof of the unnecessary contribution produced by light at night 
emanating from buildings, particularly multistorey commercial buildings as well as 
providing energy saving. 
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7 Special controls 
7.1 Introduction 
Some facilities have been deemed to be of sufficient significance or have sufficiently 
high safety risk associated with them that legislation has been enacted to protect 
those facilities.  The first of those facilities are observatories that are significant 
financial investments that require restrictions on sky glow and stray light to maintain 
their viability.  The second of those facilities are airports requiring restrictions on 
glare and visual distraction to pilots to ensure safety of aircraft. 
7.2 Observatories 
 Mt Stromlo, ACT 
Mount Stromlo Observatory (MSO) is located approximately 18 kilometres 
southwest of the centre of Canberra, ACT (http://rsaa.anu.edu.au/observatories/mount-
stromlo-observatory).  The telescopes, library and workshops on Mount Stromlo were 
mostly destroyed in a firestorm 18th January, 2003.  Currently MSO is the 
headquarters of the Research School of Astronomy & Astrophysics (RSAA), ANU 
College of Physical & Mathematical Sciences, with administrative offices, 
workshops and computer laboratories for staff and students.  Telescopes are no 
longer located at this site but may be again in the near future. 
 
Figure 7.1  The Commonwealth Solar Observatory at Mount Stromlo 1924 
(http://rsaa.anu.edu.au/about-us/history, accessed 2nd August 2014, image from website). 
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The Oddie telescope was located in a dome built on Mount Stromlo in 1911 and 
Mount Stromlo became the Commonwealth Solar Observatory in 1924, refer Figure 
7.1, (http://rsaa.anu.edu.au/about-us/history accessed 2nd August 2014, image from website). 
Four major instruments were purchased and located at MSO in the 1950’s.  In 1957 
MSO left the Commonwealth Department of the Interior and joined the Australian 
National University (ANU).  In the 1960’s a second ANU observatory was 
established at Siding Spring in the Warrumbungle Mountains and the name 
changed to Mount Stromlo and Siding Spring Observatories 
(http://rsaa.anu.edu.au/about-us/history, accessed 2nd August 2014). 
Article 19 of the Schedule to the Anglo-Australian Telescope Agreement Act of 1970 
indicates that there are obligations under the Act “to take all steps that are 
appropriate and practicable for it to take to ensure that development or activities do 
not take place that would cause interference with the effective use of the Telescope” 
(Murdin 1992, p161). 
In the 1970’s there was growing concern that increasing development of Canberra 
was creating unacceptable conditions for the use of telescopes at Mount Stromlo 
and that the conditions were worse than those referred to in American studies such 
as those conducted in Arizona.  In 1973 Mr Reg Wilson of Philips Industries Ltd is 
quoted in the Adelaide newspaper, The Advertiser, referring to ‘light pollution’ and 
the concerns of increasing light from the burgeoning capital city (The Advertiser, 12th 
Nov 1973, p1).  Therefore remedial action relating to Canberra outdoor lighting was 
contemplated (Fisher and Turner 1976, pp25-32).  The study by Fisher and Turner did not 
include sports lighting, only road lighting.  The study concluded that the majority of 
direct upward light, some 65 percent, was contributed by twin 20W tubular 
fluorescent road lighting luminaires and 80W and 125W high pressure mercury 
vapour post-top luminaires plus some 100W and 200W incandescent luminaires.  
Fisher and Turner noted that whilst both astronomical research and public lighting 
are financed by public funds, that there was a conflict of interest between the two 
publically supported activities. 
 Siding Spring Observatory, NSW 
The observatory facilities on Siding Spring Mountain in the Warrumbungle 
Mountains near Coonabarabran house several telescopes.  Siding Spring Mountain 
is shared by the Anglo-Australian Telescope (AAT), astronomical facilities operated 
by the Mount Stromlo and Siding Spring Observatories of the Australian National 
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University (ANU), and the United Kingdom Science and Engineering Research 
Council’s Schmidt Telescope (UKST) of The Royal Observatory, Edinburgh. 
Under Article 19 of the Schedule to the Anglo-Australian Telescope Agreement Act 
of 1970, as noted above in section 7.2.1, action could be taken to protect the 
viability of professional observatories.  In 1986, the ANU Manager, Dr John Dawe 
commenced a regional environmental study to identify and recommend acceptable 
long term measures to protect Siding Spring Observatory from electric light that may 
interfere with observing conditions from the site (Shotbolt ,1989, p70).  May 31st, 1990, 
the Minister for Planning for the State of New South Wales enacted the Orana 
Regional Development Plan No 1. 
As of 1st July 2009, the Orana Regional Environmental Plan No 1 – Siding Spring, is 
taken to be a State environmental planning policy.  The Orana Regional 
Environmental Plan No 1 – Siding Spring prevails over any other plan or ordinance 
where there are inconsistencies between other plans or ordinances.  In general, any 
development application within 100 kilometres of the AAT requires the Council to 
take into consideration the amount and type of light likely to be emitted from the 
proposed development and the probable artificial sky glow effect at the Observatory.  
Guidance is provided to the maximum allowable emission rate in lumens based on 
distance from the AAT, clearly the closer the proximity the more stringent the 
restriction (refer Table 7.1).  The Orana Regional Environmental Plan No 1 states 
“… council shall take into consideration the amount and type of light likely to be 
emitted by and from the development and the probable effect of that emission on 
the level of artificial sky glow at the Observatory”, also it states that for consultation 
and concurrence the limits are “the rate at which light would be emitted by the 
development (or by any building or work used in connection with it)”  This is all 
encompassing as it includes all direct light going beyond the boundaries of a 
proposed development, all reflected light from surfaces within a development and 
also includes all light emitted from windows and skylights of buildings. 
Proposed developments within 100 km of the AAT require Councils to seek 
comment in writing from the ‘Observatory Director’ on the proposed development(s). 
Interestingly, under the heading of “Development generally near Siding Spring” 
there are two conditions, the (1) first being that development of land within 18 
kilometres of the Observatory without Council consent is prohibited, and secondly 
(2), “Subclause (1) does not apply to development which will not be supplied with 
electric power.” 
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The critical artificial light sky glow value is deemed to be 10 percent of the natural 
sky glow when the telescope is inclined at 30 degrees above the horizontal or where 
the telescope is inclined 90 degrees from the horizontal to be no more than 3 
percent of the natural sky glow on or about the date the development application is 
made. 
 
Distance (kilometres) 
from the 
Observatory 
Emission rate 
(lumens) - 
consultation 
Emission rate 
(lumens) - 
concurrence 
3 0 1,000 
8 1,000 2,000 
12 2,000 4,000 
18 4,000 12,000 
30 12,000 1,000,000 
100 1,000,000 5,000,000 
Table 7.1  Maximum permissible lumens emitted from a 
proposed development depending on distance from the AAT 
By consultation with Council or by concurrence by the Director of Planning.  
(Orana Regional Environmental Plan No 1 – Siding Spring, Table of 
relevant distances, no table number or page numbers). 
7.3 Airports 
 Lighting in the Vicinity of an Aerodrome. 
Outdoor lighting within a 6 kilometre radius of a runway located on an aerodrome is 
subject to restriction.  The restrictions are specified in the Australian Government 
Civil Aviation Safety Authority (CASA) Manual of Standards (MOS) Part 139 – 
Aerodromes (Australian Government; Civil Aviation Safety Authority 2011, pp 9.141 - 9.144).  The 
intensity of light 3 degrees above the horizontal is limited as indicated in Figure 7.2 
and is provided as advice to lighting designers to minimize the potential hazard to 
aircraft operations. 
Aerodrome operators are encouraged to liaise with local electricity and planning 
authorities, so that they can be alerted of lighting proposals in the vicinity of their 
aerodromes.  CASA has the power through regulation 94 of the Civil Aviation 
Regulations 1988 (CAR 1988), to require lights which may cause confusion, 
distraction or glare to pilots in the air, to be extinguished or modified. 
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The principle of precedence does not apply.  Because a certain type of light fitting 
already exists in an area it is not necessarily an indication that more lights of the 
same type can be added to the same area.  Also ground lights may cause confusion 
or distraction by reason of their colour, position, or pattern.  Coloured lights are 
likely to cause conflict irrespective of their intensity as coloured lights are used to 
identify different aerodrome facilities. Proposals for coloured lights should be 
referred to CASA for detailed guidance. 
 
Figure 7.2  Lighting control adjacent an airport: maximum lighting intensities 
permissible at 3 degrees above the horizontal from any luminaire. 
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Whilst MOS Part 139 states “… designers are advised to consult with CASA as 
there may be overriding factors which require more restrictive controls to avoid 
conflict”, CASA has not been known to approve any installation as being in 
compliance with their requirements but have reserved the right to have an 
installation switched off or altered at any time in the future should there ever be a 
complaint in the future.  This means a lighting consultant can only indicate to a client 
that a design is in accordance with CASA requirements to the best of their 
knowledge. 
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8 AS4282 the first national lighting control standard 
8.1 Introduction 
In the early to mid 1970’s there was growing concern about the impact of urban 
growth in Canberra on Mt Stromlo Observatory(refer section 7.2.1) and papers 
detailing investigations were published in Illuminating Engineering Society 
proceedings.  Also in the 1980’s private backyard tennis courts proliferated.  The 
Illuminating Engineering Society of Australia and New Zealand Inc requested the 
Standards Association of Australia proceed with a standard to assist Local 
Government. 
A Lighting Group committee (LG/10) was formed resulting in draft documents and 
eventually a Standard, AS4282 – 1997 Control of the obtrusive effects of outdoor 
lighting, after considerable controversy.  That Standard is now considerably over 
due for revision as it lags behind developments in other parts of the world in regard 
to unwanted light at night. 
 Hypothesis 4 
Reduced / degraded amenity is a significant trigger for applying obtrusive light 
restrictions. 
 Hypothesis 5 
Industry often takes the lowest common denominator view and predicts the end of 
civilisation, capitalisation, and of night-time recreational, social and tourist activity 
etc. 
8.2 The need for a standard 
Following a national conference in 1981 the Illuminating Engineering Society of 
Australia and New Zealand Inc requested the Standards Association of Australia 
proceed with a standard (Fisher, 1994, pages not numbered).  A working group was 
formed. 
In the late 1980’s private backyard tennis courts were popular and they were being 
floodlit with tungsten halogen or metal halide floodlights.  At that time metal halide 
was the newest upmarket option whereas tungsten halogen was more affordable on 
initial purchase. 
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The economical end of tennis court lighting used 300 to 500W tungsten halogen 
lamps in asymmetric distribution scoop shaped cast aluminium housings mounted 
typically on the top of the tennis court fence posts along each side.  Next tier of 
tennis court lighting used 1500W tungsten halogen floodlights (4 to 6 per court) 
mounted either on poles along each side or on the tennis court fence posts.  
Aspiring professionals wanting high levels of light would use 400 or 1000W metal 
halide floodlights, typically a four pole but sometimes six pole scheme. 
Tennis courts tended mostly to be built against a property boundary, a boundary 
with a neighbour.  The challenge became the provision of tennis court lighting to 
Australian Standard 2560.2.1 whilst minimising spill and annoyance to neighbours.  
The most effective floodlight developed in the late 1980’s was the SPECTRA Tennis 
Ace which had a rapid backlight cut-off and it was installed with the front glass 
horizontal minimising views of the brightness of the front of the floodlight. 
Municipal Councils were looking for criteria or a Standard that could be used to 
assess tennis court lighting applications, reducing reliance on the Land and 
Environment Court to determine outcomes.  Prior to this period of time some County 
Ordinances and Local Government Ordinances were the only legal instruments 
available:  Ordinances from Skokie County, Illinois, and Milwaukee, Wisconsin, in 
the United States of America and also Brisbane City Council Ordinance 6 (Shotbolt, 
1988, pp54-55). 
In July 1986 some local survey work and measurement was conducted as part of a 
Master of Building Science degree, Department of Architectural Science, University 
of Sydney.  The purpose of the measurement and survey was to determine the 
suitability of research reported by Hartmann, Schinke, Wehmeyer and Weske 
(1984) in Germany for inclusion into an Australian Standard.  The Master’s thesis 
was titled “Obtrusive Light and Outdoor Floodlight Installations” and this was the first 
occurrence of the term ‘Obtrusive Light’.  A technical paper of the same title was 
subsequently submitted as part of the Proceedings of the 6th Lux Europa, Hungarian 
Electrotechnical Association in 1989 (Shotbolt and Julian 1989, pp113-117). 
A committee was formed by Standards Australia to develop a document to address 
the issues associated with burgeoning outdoor lighting, particularly in the vicinity of 
residences:  LG/10. 
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8.3 Standards Australia LG/10 
Standards Association of Australia became Standards Australia and the working 
group became a committee, the purpose being to investigate and propose a new 
standard for Australia.  Committees for lighting were designated LG (Lighting 
Group) and this committee was LG/10 under the direction of Ian Wilson from 
Standards Australia. 
The list of organisations invited to participate on LG/10 were (notes taken 23rd September 
2014 from archives kept at Sydney Observatory): 
 Astronomical Society of Australia; 
 Australian Automobile Association; 
 Australian Electrical and Electronic Manufacturers Association (AEEMA); 
 Austroads; 
 Brisbane City Council; 
 Building Owners and Managers Association of Australia; 
 Department of Administrative Services, Australian Construction Services; 
 Electricity Supply Association of Australia; 
 IES: The Lighting Society; 
 Local Government Association of Australia; 
 Municipal Association of Victoria; 
 Outdoor Advertising Association of Australia Inc; 
 Public Works Department, NSW; 
 Royal Australian Institute of Parks and Recreation; 
 The Association of Consulting Engineers Australia; 
 The University of Sydney. 
Representatives on AS4282 currently (private communication) 
 Astronomical Society of Australia; 
 Austroads; 
 Brisbane City Council; 
 Consult Australia; 
 Energy Networks Association; 
 IES: The Lighting Society; 
 Lighting Council Australia; 
 Local Government and Shires Associations of New South Wales; 
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 Municipal Association of Victoria; 
 Parks and Leisure Australia; 
 Planning and Infrastructure (NSW); 
 Property Council of Australia; 
 The University of Sydney. 
8.4 Draft Standards DR91098 and DR93121 for comment 
A draft standard, DR91098, The Environmental Impacts of Outdoor Lighting, was 
issued for public review in May 1991 (Fisher 1992, pp35-36).  A further draft standard 
DR93121, The Environmental Impacts of Outdoor Lighting, was issued for public 
review June 1993 which had revised two tier limiting values for Tables 2.1 and 2.2 
(notes taken 23rd September 2014 from archives kept at Sydney Observatory). 
8.5 The lack of adoption by New Zealand 
New Zealand has adopted a number of Australian Standards; however, AS4282-
1997 was not adopted. According to one source from New Zealand (refer email 
correspondence R Ponting in Appendix D), New Zealand has not taken to regulation 
by Standard to the same extent as Australia. However, in the absence of any 
alternative, AS4282 has been used as a reference document. 
8.6 Experience with AS4282 
 Examples of mis-use of AS4282 
8.6.1.1 Land and Environment Court 
In the Land and Environment court a case involving light intrusion into a second 
floor apartment from a single line of red cold cathode lighting along a hotel awning 
on the opposite side of the street in Kings Cross.  The owners of the apartment 
were not resident and the apartment was not tenanted and the cold cathode lighting 
already existed.  In reality, with all lights switched out inside the apartment and with 
shutters and curtains fully open the faintest of faint pink was barely discernible 
against the pristine white ceiling and not measureable.  An investigation and 
measurements were conducted indicating the large amount of high pressure sodium 
road lighting intrusion.  The report submitted indicated that whilst both road lighting 
and signage were exempt from AS4282, it was the best available relevant technical 
criteria. 
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The Judge held that as signage and road lighting were exempt under AS4282-1997 
the technical assessment was irrelevant and dismissed without further 
consideration. 
8.6.1.2 Shopping centre developments 
Where small shopping centre developments are approved for suburban locations 
under AS4282 the light spill criteria allows for fairly significant values with respect to 
adjacent residential properties.  The shopping centre is classified as 
industrial/commercial and as the residential areas abutting that classification have 
quite high permissible lighting criteria a less than desirable result may occur. 
Providing the criteria is met, the developer is likely to use luminaire and lighting 
quality just sufficient to meet the brief when clearly local residents would benefit 
from luminaire selection and positioning that provided better back-light shielding and 
no glare. 
8.6.1.3 Naturally dark areas 
There currently is no classification in AS4282 that accommodates the preservation 
of a dark parkland environment in an otherwise suburban area or a dark rural 
environment.  AS4282 was provided in response for the need to limit obtrusive light 
from back-yard tennis courts and local sports fields in urban areas both as a guide 
for Local Government and as standardised criteria for lighting designers to ensure 
compliance. 
It was unlikely that floodlit mining and industrial operations in rural environments 
kilometres from a local farm or lighting of a cycleway through large, very dark 
parkland in an urban area were contemplated as typical applications for AS4282.  
As the criteria in AS4282 relates to illuminance at property boundaries and the 
mining/industrial facilities or the cycleway can be quite some distance from the 
nearest residential property boundaries even using the notional ‘dark surrounds’ 
classification can result in relatively excessive light spill and glare but still be 
compliant. 
As AS4282 does not address the negative effects of unwanted light at night on the 
environment, either flora or fauna, using only AS4282 as the lighting compliance 
criteria as standard Development Application (DA) approval criteria in these 
circumstances requires review. 
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 Exemptions 
8.6.2.1 Road lighting 
The Forward of AS4282-1997 states: 
“Public lighting has been excluded from this Standard because such lighting is 
provided to facilitate all-night safety and security for the public at large. Such lighting 
is normally supplied from the switched public lighting network. Requirements aimed 
at minimizing the obtrusive effects of public lighting are addressed in the AS/NZS 
1158 series of Standards. For traffic routes, AS/NZS 1158.1.1 has introduced the 
upward waste light ratio (UWLR) as a parameter to control the amount of light 
emitted in directions above the luminaires.”  However, AS/NZS 1158.3.1 Pedestrian 
area (Category P) lighting, 2005 revision, now includes an upward light ratio limit of 
5 percent. 
8.6.2.2 Signage 
The Forward of AS4282-1997 states: 
“Internally illuminated signs often require the evaluation of additional factors such as 
colour, movement and cyclic operation. Hence, it was decided to defer 
consideration of appropriate guidelines until a later time.” 
Also, “…externally lit advertising signs, are not addressed in this Standard but may 
be the subject of future consideration.” 
8.6.2.3 Floodlit buildings 
The Forward of AS4282-1997 states: 
 “The obtrusive effects of brightly lit surfaces, e.g. floodlit buildings … are not 
addressed in this Standard but may be the subject of future consideration.” 
8.6.2.4 Major sports venues 
The Forward of AS4282-1997 states: 
“Lighting installations that are designed for colour television broadcasting have been 
excluded from the Standard for the following reasons:  
(i) They normally require preparation of a formal environmental impact statement 
which will include consideration of the effects of any lighting. 
(ii) Specialist lighting consultants are usually employed in the design of such 
installations.” 
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8.7 Adoption of AS4282 into International Olympic Committee 
lighting specification 
In a private communication from Mr David Lewis (refer Appendix D), consultant to 
the International Olympic Committee for five Olympic Games in respect of lighting 
and television broadcast, indicated that he adopted and modified some criteria 
directly from AS4282 into the Sydney 2000 Olympics lighting specification and that 
that general lighting specification is still current today.  Whilst colour television 
broadcast installations are generally exempt under AS4282 (refer 8.7.2.4 above) the 
IOC lighting specification reads: 
“Luminaire beam distribution at 10% of maximum intensity in the vertical plane 
above the aiming angle (top of the ‘field angle’) shall be: 
≥ 10° below the horizontal, and  
≤ 100,000 cd”. 
8.8 Adoption of AS4282 into lighting software 
The first attempt to reduce one of the perceived barriers to the use of AS4282 was 
software routines developed by Peter Jarvis under his company name RayForge.  
One of the perceived barriers was the difficulty of determining the luminous intensity 
in specific directions as required in the Standard.  The software package developed 
by RayForge was called OLIVIA.  In a private communication with Peter, Peter 
indicated that he had undertaken the task of writing the first software capable of 
calculating the luminous intensity aspects of AS4282 on the aspiration that this 
might prove to be a successful revenue source.  However, instead of others 
purchasing the software and independently consulting on projects, Peter found that 
more often than not that he would be asked to look into specific projects contrary to 
the business direction Peter wanted to pursue.  The software still exists and is 
marketed by another company; Peter Jarvis has since retired from the lighting 
industry. 
Licensed AGi32 software is broadly accepted as an industry standard although free 
software, particularly for interior lighting design is a strong competitor.  AGi32 
introduced the option of calculation compliance with AS4282 in the 3.2 version.  
This software now provides a report indicating compliance with AS4282 or if non-
compliant which luminaire(s) are providing the problem. 
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Two independent software packages exist that rapidly assess the luminous intensity 
requirements of AS4282, negating objections to the time necessary to manually 
assess this aspect of AS4282. 
8.9 The reaction of business to AS4282 
Industry tends to react to threats to business profit, margin erosion and anything in 
the immediate future that may affect those aspects and the status quo (refer also to 
section 10.2.1).  A typical example is Light Emitting Diode (LED) technology and 
issues associated with blue-rich white light (refer section 5.7.2).  Blue-rich white light 
is known to have some undesirable if not quite unhealthy effects both on people and 
the environment, however, in the interest of not impeding the rapid expansion and 
investment in a potentially more energy efficient artificial lighting technology and 
thereby helping reduce greenhouse gas emissions the potentially harmful effects of 
blue-rich white light were deemed less harmful than not achieving the anticipated 
reductions in greenhouse gas production globally as a result of the new technology.  
The U.S. Department of Energy (U.S. Department of Energy, 2010, p1, and noted in 
section 5.7.2.5) indicated that it did not want to discriminate against high blue 
content LED (6500K) as “… a restriction on spectral content would currently prevent 
the use of more efficient light sources, with clear implications in terms of pollution 
from electricity production.”  At the ALAN conference in Leicester, UK, in September 
2014, in a private conversation the CEO of the International Darksky Association 
indicated that the IDA had been in favour of LED technology by reason of all of the 
climate change associated greenhouse gas reductions it would provide only to find 
that energy usage has not declined as expected but rather LED lighting has 
proliferated thereby providing none of the anticipated greenhouse gas reductions. 
At the time of the development of the draft document DR91098, few Australian and 
New Zealand lighting suppliers/manufacturers stocked outdoor luminaires that 
provided bi-asymmetric distribution of light as standard inventory.  Bi-asymmetric 
light distribution luminaires were generally a little more expensive than fully 
symmetric or singularly asymmetric luminaires.  Bi-asymmetric light distribution 
luminaires also facilitate horizontal front glass orientation thereby minimising or 
eliminating direct upward light, however, that usually meant that higher poles were 
required and therefore higher initial purchase cost.  In competitive tenders where 
only the average illuminance and min:ave ratios were the defining criteria, more 
responsible bi-asymmetric luminaire use was assumed to be a potential reduction in 
future business opportunity. 
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Another imagined impediment of the proposed DR91098 to business was the 
difficulty in determining the limiting luminous intensity towards a particular location.  
This required fundamental light engineering and simple trigonometry which may 
have initially fazed some employees of electrical wholesale networks as it was new, 
however, within a short time of the publication of AS4282 Rayforge had produced 
OLIVIA software that would automatically calculate the requirements and a little 
while later AGi32 software also included automatic routines for that purpose (refer 
section 8.8). 
8.10 CIE 150: 2003 (2014 draft revision) Guide on the Limitation of 
the Effects of Obtrusive Light from Outdoor Lighting 
Installations 
The CIE 150:2003 Guide on the Limitation of the Effects of Obtrusive Light from 
Outdoor Lighting Installations adopted large portions of AS4282 - 1997.  The draft 
revision document summary indicates: 
“The purpose of this Guide is to help formulate guidelines for assessing the 
environmental impacts of outdoor lighting and to give recommended limits for 
relevant lighting parameters to contain the obtrusive effects of outdoor lighting within 
tolerable levels. As the obtrusive effects of outdoor lighting are best controlled 
initially by appropriate design, the guidance given is primarily applicable to new 
installations; however, some advice is also provided on remedial measures which 
may be taken for existing installations. 
This Guide refers to the potentially adverse effects of outdoor lighting on both 
natural and man-made environments for people in most aspects of daily life, from 
residents, sightseers, transport users to environmentalists and astronomers.” 
In the document scope it is indicated that; 
“Lighting is often the focus of complaints because it is, by nature, highly visible and 
is the means by which the conduct of the night activity is made possible. The 
potential effects of the lighting should therefore be assessed, as part of the overall 
impacts of a development, by the relevant development approval authority.” 
Also, 
“People will have a range of reactions to the installation of outdoor lighting; 
responses may vary from positive acceptance to outright rejection. The degree of 
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response will depend, in part, on the nature of surrounding developments …, past 
experiences, novelty of the installation, and frequency and times of operation.” 
In addition, 
“Outdoor lighting, no matter how well designed, will generally have some effect on 
the environment in which it is installed.” 
“The effects of lighting on the natural environment can be difficult to quantify. When 
there are fields, mountains, forests, rivers, lakes and/or coastline, located close to a 
lighting installation, there is the possibility, depending upon the season, of the 
lighting having adverse effects on insects, plants and animals within the area.” 
A number of environmental light zones are defined and light technical parameters 
(refer Table 8.1 and Appendix E) have been allocated as limiting criteria for each of 
those zones.  A summary of the overall assessment process is displayed in Figure 
8.1 (copied from CIE 150 (2014 revision draft Table 3.1) and slightly modified to suit 
landscape format as shown). 
 
  
Table 8.1  Environmental light zones as defined in CIE 150 (Table 2.1) 
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Assess installation for 
compliance with recommended 
limit for E, in Table 2.1 
Identify relevant 
boundaries of nearby 
residential properties 
(for pre-curfew 
assessment) 
Assess installation for 
compliance with recommended 
limit for I in Table 2.3 
Check effects on 
astronomical observations 
Check existence of 
environmental 
designations i.e., 
World Wildlife Sites, 
National Parks, Local 
Nature Reserves 
Check effects on 
natural environment 
Identify positons of 
nearest important 
natur l habitats.  
Discuss and agree 
curfew times with local 
conservationists 
Ensure lighting is 
sympathetic to its 
surroundings and of 
the lowest level 
necessary 
Assess installation 
for compliance with 
zero upward light 
ratio in Table 2.5 and 
other relevant criteria 
Check potential obtrusive effects of lighting installation 
Check effects on 
building occupiers 
Check effects on 
transport 
Check effects on 
sight-seeing public 
Check location of lighting 
installation with respect to 
surrounding properties 
Identify locations within nearby 
residential properties where a 
direct view of bright surfaces of 
luminaires is likely to be 
troublesome e.g. windows, 
patios, verandahs of adjacent 
dwellings (curfew assessment) 
Check for physical features (e.g. 
vegetation, buildings) that can be 
utilized to screen luminaires from 
critical directions of view 
Identify windows of 
habitable rooms of 
nearby dwellings (for 
curfew assessment) 
Check effects on transport 
users: road, rail, air and marine 
Identify positions and 
directions of view in the 
path of travel where a 
reduction in visibility 
might have significant 
consequences. 
Check with any controlling 
authority for regulations 
applicable to outdoor lighting 
Identify positions and 
directions of view in the 
path of travel where a 
reduction in visibility of 
signals might have 
significant consequences 
Assess installation for 
compliance with 
recommended limits for Ti in 
Table 2.4 
Check existence 
of planning 
regulations related 
to observatories 
Check the illuminances 
proposed are not 
excessive in relation to 
those recommended for 
the activity 
Assess installation 
for compliance with 
recommendations in 
CIE 126-1997 
Check existence of 
planning applicable 
regulations 
Identify locations 
of community or 
scientific optical 
observatories 
Check potential views 
by night of lighted 
building facade or sign 
Check brightness of 
general surrounds 
Assess installation for 
compliance with 
recommended limits of Lb. or 
Ls, in Table 2.6 
Check existence of planning 
regulations applicable to 
outdoor lighting 
Figure 8.1  CIE 150 2003 (2014 draft revision) checks of potential obtrusiveness which should be undertaken in the design of outdoor lighting (CIE Table 3.1) 
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8.11 Model Lighting Ordinance 
The Model Lighting Ordinance (MLO) is a document produced jointly by the 
International Dark-sky Association (IDA) and the Illuminating Engineering Society of 
North America (IESNA) designed to significantly reduce unwanted light at night from 
outdoor lighting.  First issued for public comment in 2009 
(http://www.ies.org/PDF/MLO/MLO_FINAL_June2011.pdf, pp1-44) and subsequently revised. 
The MLO is similar to AS4282 – 1997 in the use of zones for defining lighting 
criteria, however, that’s where the similarity ends.  The MLO is fundamentally 
different as follows: 
 The Ordinance has 5 lighting zones with zone zero (LZ-0) being a 
“recommended default zone for wilderness areas, parks and preserves and 
undeveloped rural areas”.  The zones, defaults, stepping up in allowances to 
LZ-4 where there are no defaults; a zoning only used for special cases such 
as high intensity industry or business areas. 
 The zonings are not based on existing conditions at the time of application 
for a development but on the ideal darkness preferred for that area.  The 
intent is to have all new development comply and require all 
replacement/renovation to change down to the requirements of the zoning 
thereby in the future achieving a much improved ambient lighting 
environment rather than accepting the status quo. 
 The limits for each zone are based on luminaire lumens.  This has an 
advantage in that the lighting technology producing the lumen package can 
change with time but the lighting impact should not change providing 
spectral content of the light is ignored.  It also makes it easier for 
administrators to have simple compliance criteria rather than an 
understanding of the basics of lighting terminology. 
 Lighting of individual residences receives particular attention. 
 Luminaires to have BUG ratings (Backward light, Upward light and Glare) 
proved by a photometric laboratory report.  The upward light allowance is 
zero regardless of which rating.  The BUG rating system is currently under 
review (private communication with IDA). 
 Special permits are required for nominated lighting applications. 
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Road lighting and signage lighting is exempt from the MLO although there are some 
optional street lighting recommendations.  Street lighting is defined by also 
considering cyclists and pedestrians. 
Interestingly there is a complete absence of any reference spectral composition of 
outdoor lighting, in particular to blue rich white LED light. 
It is up to the various Authorities to apply the MLO zones as defined to the 
appropriate areas in their jurisdiction. 
8.12 Other documents 
 ILE and ILP Guidance Notes for the Reduction of Obtrusive Light 
The Institution of Lighting Engineers (ILE) in the United Kingdom produced a small 
document, ‘Guidance Notes for the Reduction of Obtrusive Light’ in 1992 with a 
number of subsequent revisions, last revised in 2005; however, it is now indicated 
as the Institution of Lighting Professionals (ILP), ‘Guidance Notes for the Reduction 
of Obtrusive Light GN01:2011’ updated in 2011 as indicated. 
The ILE 2005 revision included four Environmental zones (E1 to E4) identical to that 
currently proposed in CIE 150 (2014 draft revision).  The ILP 2011 document is an 
amalgamation of the Model Lighting Ordinance (MLO) with the same five zones 
except numbered E0 to E4 (instead of MLO, LZ-0 to LZ-4).  It also incorporates a 
table relating to Motorways which is the same as the CIE 150 (2014 draft revision) 
document. 
 Temple report 
A report by Temple Group (Temple 2006, pp1-76) in March 2006 lists in summary form 
all of the known documents relating to obtrusive light noting that the ILE 2005 
document (section 8.12.1 above) had become widely used as a planning document.  
The Temple report was provided to the Department of Environment, Food and Rural 
Affairs (United Kingdom) and aimed to determine the extent to which unwanted light 
at night was a nuisance and to determine the percentage of nuisance due to 
domestic security and decorative garden lighting. 
Questionnaires were sent to 360 Local Authorities and 73 replied and that formed 
the basis of the report statistics.  Domestic security and garden decorative lighting 
related to 49 percent of the complaints with the vast majority being attributed to 
domestic security lighting. 
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The Local Authorities were also asked if obtrusive light should become a statutory 
nuisance with 53 percent indicating an affirmative response.  It was also indicated 
that many Authorities were not aware of documents relating to obtrusive light and of 
those that were aware few understood what the documents were about and none 
had an illuminance meter. 
Proposed public information leaflets and Local Authority Environmental Health 
officers Methodology and Guidance were provided in the Appendices of the Temple 
report. 
8.13 Future development of AS4282 
Clearly AS4282 – 1997 is out of date (17 years out of date) and there have been 
many developments around the world more proactively addressing the issues of 
unwanted light at night.  Standards are revised ideally every 5 years but rarely later 
than 10 years. 
AS4282 needs to align more closely with both the CIE 150 document and the Model 
Lighting Ordinance in a manner similar to the Institution of Lighting Professionals 
(ILP), ‘Guidance Notes for the Reduction of Obtrusive Light GN01:2011’.  The 
Lighting Council of Australia requested that Standards Australia schedule AS4282 – 
1997 for revision in its 2015 programme; a committee has been formed and an 
inaugural meeting is pending. 
Future development of AS4282 needs to: 
 Re-examine the current zoning and the thresholds applied to the zones; 
 Not only include aspects of immediate public benefit but also take a longer 
term public benefit view, avoiding unintended incremental creep in 
environmental ambient lighting conditions. 
 Add criteria that will ensure new lighting technologies have guidelines within 
which they need to perform to avoid negative effects on the environment 
despite the current situation where the official Threatened species and 
Migratory species data bases (refer sections 4.3 and 4.4) do not contain 
much information on the effects of artificial light on the majority of species 
listed. 
For additional information refer to Chapter 11 and also the Conclusion of this thesis. 
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8.14 Conclusion 
The Standard AS 4282 - 1997proved to be controversial with a diversity of interest 
groups.  Some interest groups aligned with astronomy indicating AS4282 was 
insufficiently restrictive and others, notably lighting manufacturer/suppliers and 
public lighting authorities, indicating it was far too restrictive.  Since the publication 
of AS4282 there have been developments in various guidance documents with far 
more detail and also an indication world-wide of the need for greater restriction on 
unwanted light at night.  AS4282 – 1997 requires revision as soon as possible to 
bring it into alignment with international expectations. 
Reduced / degraded amenity is a significant trigger for applying obtrusive light 
restrictions: the null hypothesis that reduced and/or degraded amenity is not a 
significant trigger for obtrusive light restriction is unlikely to be true.  Amenity is 
difficult to define in absolute terms for all situations as the attributes in each instance 
may be different, however, Oxford Dictionaries define amenity as “the pleasantness 
or attractiveness of a place”, (http://www.oxforddictionaries.com/definition/english/amenity) and 
Google indicates that it is (https://www.google.com.au/webhp?sourceid=chrome-
instant&ion=1&espv=2&ie=UTF-8#q=amenity+definition) “pleasantness, agreeableness, 
pleasurableness, enjoyableness”. 
As indicated in both AS4282 and CIE 150, lighting is often the focus of complaints 
because it is, by nature, highly visible and is the means by which the conduct of the 
night activity, including associated noise and traffic, is made possible.  Luminance of 
a luminaire at a particular point, the illuminance at a particular location at a point in 
time may be triggers in isolated instances, however, the yelling and swearing 
associated with a local playing field or tennis facility and the noise of vehicles 
arriving and departing have featured in interviews I have conducted of residents 
over the years and also in Land and Environment cases I have attended.  The 
chatter of people and vehicle noise associated with shopping centre developments 
open at night are issues when such areas are lit for night-time trading. 
Large advertising signage on top of multi-storey buildings, either floodlit or backlit 
are assessed technically in terms of luminance and illuminance, however, issues of 
coloured light and qualities such as colour temperature have important potential 
impacts on adjacent multi-storey high density residential developments particularly 
potentially altering the visual amenity of distant nightscapes; views would have been 
part of the marketing and a consideration in the sale price of such residential units. 
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AS4282 by its structure acknowledges that the same lighting in different 
environments may be acceptable in one environment and totally unacceptable in 
another where the ambient conditions or amenity is different.  The Model Lighting 
Ordinance defines a lighting zone or environment where the ambient light conditions 
or amenity is essentially no artificial light.  Reduced or degraded amenity is 
therefore the trigger for applying obtrusive light restrictions rejecting the null 
hypothesis. 
Industry often takes the lowest common denominator view and predicts the end of 
civilisation, capitalisation, and of night-time recreational, social and tourist activity 
etc.  The null hypothesis is that industry seldom takes the lowest common 
denominator view predicting the end of civilisation, capitalisation, and of night-time 
recreational, social and tourist activity if current lighting design practice is changed. 
Dr Alec Fisher, convenor of LG/10, had the view that it was the task of Standards to 
determine the performance required and for industry to provide that performance 
not vice versa.  History has shown that lighting suppliers/manufacturers 
subsequently increased their stock of bi-asymmetric outdoor luminaires and that 
industry also provided automated software routines to meet a need contrary to 
original objections based on status quo in local industry at the time.  Therefore, new 
requirements in Standards offer new business opportunities and not necessarily 
simply a loss of future trade or increased costs as initially feared. 
It is not true that industry seldom takes the lowest common denominator view and 
predicts the end of civilisation, capitalisation, and of night-time recreational, social 
and tourist activity etc. but often has an initial negative reaction to anything that 
threatens the status quo before realising the new business opportunities. 
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9 Conservation 
9.1 Introduction 
Chapter 4 noted the Environment Protection and Biodiversity Conservation Act 
1999.  This chapter touches on the definition of conservation and the development 
and practice of conservation biology.  A number of items encountered in EIS 
documents are considered; including the ‘natural environment’, BAT, behavioural 
variation, and the importance of adjacent ecosystems. 
Project examples are provided that illustrate the items raised in this and preceding 
chapters.  Also, some complete reports are provided in Appendix E for further 
reference.  The project information included in this chapter whilst initially classified, 
is now readily available over the internet, however, some of the most recent projects 
remain classified at this time. 
 Hypothesis 6 
The effects of man-made lighting are primarily localised. 
 Hypothesis 7 
The presence of a rare or endangered species will prevent a proposed development 
proceeding. 
 Hypothesis 8 
An existing environment prior to any proposed development proceeding is based on 
a static snap shot in time rather than establishing the constantly changing 
characteristics of that existing environment. 
 Definition 
Conservation: “The sensible use of earth’s natural resources in order to avoid 
excessive degradation and impoverishment of the environment.  It should include 
the search for alternative food and fuel supplies when these are endangered; an 
awareness of the dangers of pollution; and the maintenance and preservation of 
natural habitats and the creation of new ones.” (Martin and Hine 1999, p142). 
“Conservation is the scientific study of the nature and of Earth's biodiversity with the 
aim of protecting species, their habitats, and ecosystems from excessive rates of 
extinction and the erosion of biotic interactions. It is an interdisciplinary subject 
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drawing on natural and social sciences, and the practice of natural resource 
management.” (http://en.wikipedia.org/wiki/Conservation_biology) 
Conservation biology:  “the branch of biology that deals with threats to biodiversity 
and with preserving the biologic and genetic diversity of animals and plants.” 
(http://dictionary.reference.com/browse/conservation+biology) 
 Development of conservation biology 
The “… term conservation biology was introduced as the title of a conference held 
at the University of California, San Diego in La Jolla, California in 1978 organized by 
biologists Bruce Wilcox and Michael E. Soulé. The meeting was prompted by the 
concern among scientists over tropical deforestation, disappearing species, eroding 
genetic diversity within species. The conference and proceedings that resulted 
sought to bridge a gap existing at the time between theory in ecology and 
population biology on the one hand and conservation policy and practice on the 
other. Conservation biology and the concept of biological diversity (biodiversity) 
emerged together, helping crystallize the modern era of conservation science and 
policy. The inherent multidisciplinary basis for conservation biology has led to the 
development of several new subdisciplines including conservation genetics, 
conservation social science, conservation behavior and conservation physiology.” 
(http://en.wikipedia.org/wiki/Conservation_biology). 
In a publication edited by Buchholz, and Clemmons, (Buchholz and Clemmons, 1997, pp3-
7), the lack of importance given to behavioural analysis and the importance of 
behavioural biology is expressed.  Behavioural biology examines issues concerning 
populations and issues concerning individuals. 
There are two areas associated with populations: phylogeny and perpetuation.  
Phylogeny is the evolution of behaviours over very long periods of time.  
Perpetuation is the survival value or selective advantage of a particular behaviour. 
There are also two areas associated with individuals: ontogeny and control.  
Ontogeny is the development of behaviours during the lifetime of the species.  
Control is the immediate mechanisms of behaviour such as perception of external 
stimuli. 
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9.2 The existing natural environment 
 What is the existing natural environment? 
More often than not it is implied that the natural environment including the biota is 
something that has existed for a very long period of time having evolved over 
millennia.  Interesting that there is no specific reference or proof:  was that when 
there was one super continent Pangaea, or the later segregation into the Laurasia 
and Gondwana regions, or later still when Gondwanaland separated into Antarctica, 
South America, Africa, Madagascar, the Australian continent, the Arabian Peninsula 
and the Indian Subcontinent? (http://en.wikipedia.org/wiki/Gondwana).  Perhaps it was 
when indigenous Australians first migrated from Africa some 70,000 years ago 
(http://www.abc.net.au/science/articles/2011/09/23/3323640.htm) before they had any impact 
on the environment or perhaps it is referring to more recent times to the earliest 
European settlement in 1788?  It is some previous period when everything was 
much more ‘natural’ and constant. 
The use of an implied idealistic ‘natural’ environment is disputed (Underwood 2001, 
pp24-25) on the logic that the natural environment is constantly changing and that 
therefore any investigation of an environment needs to also establish what that 
change is and the rate of change that is occurring as well as the usual species and 
environment criteria.  It is argued that it is therefore essential that in order to provide 
a valid assessment of an existing natural environment where a development is 
proposed that a control area needs to be established.  Also, the investigations and 
analysis have to occur over a period of time.  The control area has to have the same 
characteristics as the area of the proposed development.  Usually the control area is 
not a significant distance from the proposed development area depending on 
circumstances. 
All too often there is neither the funding nor time allocated for the procedure 
described by Underwood.  Usually the investigations that form part of an EIS are 
simply a snapshot in time of the local area most likely to be affected by the 
proposed development. 
 What biota is important? 
What biota is important: the immediately obvious cuddly or endearing or the not so 
obvious and perhaps not so emotionally engaging? 
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Dingle et al, (Dingle et al, 1997, p74) state that invertebrates are far more important to 
the environment than larger vertebrates indicating in the Amazon alone the dry 
weight of the mass of ants is approximately four times greater than that of 
vertebrates.  As ants have a vital function of disposing of detritus matter and that it 
is this foraging and scavenging behaviour that is a dominant contributor to 
processes that are regarded as key to herbivore interactions, decomposition and 
mutualism.  It is suggested therefore that without invertebrates, vertebrates would 
become extinct. 
Flora occupies a larger percentage of The Wheel of Life than fauna (refer Figure 
1.4). 
According to White (White 2003, p16), more than 60 percent of biota on Earth is 
Prokaryote (refer Figure 1.4), less than 40 percent is Eukaryote.  Only a small part 
of the 40 percent is occupied by the animal kingdom and of that small percentage, 
invertebrates are a larger biomass than vertebrates.  Based on percentages, in the 
overall mass of biota, vertebrates would not appear to be significant life on Earth. 
 What biota is considered? 
Under The Environment Protection and Biodiversity Conservation Act 1999 (EPBC 
Act), the categories considered are fish, frogs, reptiles, birds, mammals, and other 
animals.  Under the category ‘other animals’ there is an occasional invertebrate.  
Almost every species listed in the EPBC Act is a vertebrate. 
Migratory species are species that migrate to Australia and its associated territories, 
or pass through or over Australian waters during their annual migrations.  The 
SPRAT data base (species profile and threats) lists only vertebrates.  Under the 
Bonn Convention and also the CAMBA, JAMBA and ROKAMBA agreements (refer 
sections 4.3 and 4.4) the focus is on vertebrates. 
The EPBC Act lists 1295 species of flora (refer section 4.6), the majority are orchids 
and flowering plants such as bottlebrush, wattles and grevillea with some gums and 
mallee also noted.  There is one species of alga, Lychnothamnus barbatus, a 
submerged aquatic freshwater macrophyte green algae. 
Environmental Impact Statements and the associated investigations and reports 
tend to focus on ‘endangered’, ‘threatened’ and ‘vulnerable’ listings as applicable to 
the proposed development location. 
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9.3 Direct effects 
The direct effect of light on a particular species may be as Endler (Endler 1997, p352) 
indicates and as shown in Figures 9.1 and 9.2 below.  Figure 9.1 provides an 
example of crypsis that would be compromised if the ambient lighting changed 
making the lizard both more prone to predation and less able to be successful as a 
predator.  In ecology crypsis is the ability of an organism to avoid observation or 
detection by other organisms (http://en.wikipedia.org/wiki/Crypsis).  Figure 9.2 specifically 
relates to changes in the natural habitat of forests and woodlands and available 
natural ambient light. 
Changing the light source from natural to artificial, particularly LED that has a very 
pronounced spike in the blue end of the spectrum may affect the effectiveness of 
camouflage. 
9.4 Indirect or cascade effects 
Indirect or cascade effects can be illustrated by three examples: 
 
 
Figure 9.2  Direct effect of available ambient natural 
light in a forest environment on a species of fauna 
(Endler, 1997, p352). 
Figure 9.1  The visibility of this 
draco lizard would change if 
the ambient lighting changed. 
(http://en.wikipedia.org/wiki/Cr
ypsis). 
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1. The failure of Biosphere II (refer Appendix F).  Biosphere II was an 
experiment that consisted of a sealed sustainable biosphere of supposedly 
known content that was meant to be successfully habituated by people for a 
period of 2 years.  Biosphere II lost its atmospheric human habitability, lost the 
majority of its animal and insect species and hence lost the ability for plants to 
self-propagate in less than 2 years.  Biosphere II was a man-made design 
closed ecological system covering 1.27 hectares (3.15 acres) consisting of five 
biomes (that is a section of forest, savannah, desert, ocean and marsh) plus an 
intensive agriculture biome (farm) and a human habitat area.  The biosphere 
system was a sealed system with “lungs” housed in a connected dome 
structure to accommodate air expansion and contraction with diurnal heating 
and cooling and alleviate the enormous pressures applied to the biosphere 
structures.  Three thousand eight hundred (3,800) species of plants and 
animals were carefully chosen and placed in the biosphere.  Some of the 
savannah plants were from Australia.  Soils were enriched with organic 
nutrients.  Eight adults entered Biosphere II on 26th Sept 1991. 
 Oxygen levels started to fall from the moment the environment was 
sealed.  The sealed system cascaded out of control.  Microbes in the 
over-enriched organic materials in the rainforest and savannah biomes 
metabolized the material at a much higher rate than expected thus 
consuming more oxygen and producing more carbon dioxide than 
expected. 
 The CO2 excess from the nutrient material breakdown could have been 
converted to oxygen by photosynthesis; however, concrete (Calcium 
hydroxide (Ca(OH)2) used in the construction combined with the CO2 
forming a layer of calcium carbonate (CaCO3) on the inside face of all 
the concrete surfaces.  Therefore the CO2 was not available for 
photosynthesis. 
 Abnormally long periods of overcast weather (much longer than had 
been anticipated) combined with more solid structural elements than 
had been anticipated initially in design but occurred during construction 
produced extra shading; all of which contributed to less photosynthesis. 
 Levels of dinitrogen oxide became dangerously high creating a 
reduction in synthesis of vitamin B12 for humans with the risk of brain 
damage. 
 The water system became polluted with too many nutrients. 
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 19 of the 25 small vertebrate species died out during those 2 years. 
 Virtually all of the insect species became extinct, including those that 
had been introduced to pollinate plants.  Therefore the plants could no 
longer self-propagate. 
 Cockroaches, katydids (crickets etc.) and crazy ants (local ants not 
deliberately introduced, but found their own way into this sealed 
environment) ran rampant. 
 Vines such as morning glory threatened to choke every other kind of 
plant. 
Eight adults left Biosphere II on 26th Sept 1993 after 2 years but vital oxygen had to 
be pumped into the biosphere after only18 months to ensure the people could 
survive the prescribed 2 years. 
2. The abundance and health of Pacific kelp forests is affected by the presence 
of sea otters.  Sea otters feed on sea urchins and sea urchins feed on Pacific kelp. 
In areas where sea otters have been hunted to extinction, sea urchins increase in 
abundance and kelp populations are reduced. 
3. The reintroduction of wolves into Yellowstone National Park in the United 
States of America has led to the transformation of the environment.  The 
reintroduction of grey wolves (Canis lupus) to Yellowstone National Park reduced 
the number and behaviour of elk (Cervus elaphus). This in turn released several 
plant species from grazing pressure and subsequently led to the transformation of 
riparian ecosystems. (http://en.wikipedia.org/wiki/Trophic_cascade). 
An indirect effect of the introduction of artificial lighting to an environment where that 
influence was previously absent may be the loss of habitat of a food source and 
consequent loss of species reliant on that food source.  That species may have 
been important prey to the endangered species that is the subject of the study 
(assuming no ability to adapt to changing circumstances). 
9.5 Behavioural variation 
Behavioural variation is an aspect that does not seem to receive much attention in 
Environmental Impact Statement studies.  Usually the known standard text on 
characteristics or behaviour is stated as being applicable to the particular species 
for the project location that is the subject of the investigation.  Hence the need to 
apply both phylogeny and ontogeny (refer section 9.1.5 above) considerations 
before reaching conclusions. 
 
Chapter 9  Conservation 
228 
“A great variety of activities that are critical for population persistence have been 
found to have a learned component in wild populations, including long distance 
migration patterns, selection of spawning grounds, food preferences, and daily 
foraging routes.” (Buchholz and Clemmons, 1997, p198).   
Buchholz and Clemmons cite the example of the Mauritius kestrel.  The Mauritius 
kestrel nested in trees, however, since the introduction of macaques to the island 
there had been a rapid decline in the Mauritius kestrel population as the macaques 
raided the nests.  The Mauritius kestrel population had become critically 
endangered, being reduced to two only nesting pairs.  One nesting pair changed the 
normal expected habit of only nesting in trees to nesting on a cliff inaccessible to the 
macaques.  This behaviour of nesting on cliffs was learned and adopted by all 
subsequent generations from that one original pair of Mauritius kestrels and the 
population rebounded. 
9.6 Best Available Technology (BAT) 
This terminology is usually associated with limiting pollution.  “The term constitutes 
a moving target on practices, since developing societal values and advancing 
techniques may change what is currently regarded as "reasonably achievable", 
"best practicable" and "best available”.” 
(http://en.wikipedia.org/wiki/Best_available_technology). 
It tends to be used by authors that have the objective of illustrating the detrimental 
aspects of artificial light on the species that is the subject of their paper but there is 
insufficient factual evidence to show firm results and trends.  Therefore assumptions 
are made and opinions are expressed and conclusions drawn and indicated as 
being based on Best Available Technology. 
9.7 Extent of area considered 
Ecosystems rarely stand-alone but depend on inputs from adjacent ecosystems.  
The question arises about just how local is the effect of a local change to 
circumstances?  The intention of protecting a particular ecosystem may require a 
larger area than originally anticipated once the behaviour of various biota is 
understood. 
Dingle et al (Dingle et al 1997, pp 76-77) cite an example of the vernal pools in the 
Central Valley of California in the United States of America.  These pools occur in a 
generally flat terrain during winter storms and last into late spring after which time 
the water evaporates.  The pools are home to shrimp and salamanders and are  
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surrounded by attractive plants and small flowers, particularly valley Downingia.  
Downingia is pollinated by the andrenid bee.  One of the requirements of andrenid 
bees is a much drier and adjacent upland nesting site.  The drier upland areas 
cannot be separated from the vernal pools by agricultural development as the 
andrenid bees will not travel across the open agricultural developments.  Hence, to 
conserve the vernal pool ecosystem requires the inclusion of adjacent drier uplands. 
9.8 Environmental Impact Statement examples 
Section 9.8 provides examples of projects incorporating artificial outdoor lighting 
and also information in this section contributes to the acceptance or rejection of 
hypotheses proposed for this chapter.  .  This section illustrates: 
 That factors such as marketing and politics can influence attention to and 
funding available to assess and address environmental factors; 
 The presence of endangered species does not necessarily prevent a project 
proceeding depending on the economic importance of the project and 
mitigation measures proposed; 
 Environmental assessment is often based on a snapshot in time and the 
assumptions derived therefrom, rather than incorporating change over time 
and the rate of change into the assessment; 
 A change of technology may reduce some aspects of environmental light 
pollution but may also introduce other aspects of environmental light 
pollution that were not previously anticipated. 
  
Figure 9.3  Distribution of project 
locations noted in this section. 
Except Biosphere II which is 
located in the USA. 
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 Port Botany Container Terminal Expansion, New South Wales 
9.8.1.1 Initial lighting report (2002) and subsequent comment 
The proposed container terminal expansion in Port Botany was to be immediately 
adjacent and to the west of the existing container terminals and closer to the latest 
parallel runway extension from Sydney Kingsford-Smith Airport (refer Figures 9.4 
and 9.5).  URS Australia Pty Ltd assembled and produced the EIS addressing 
twenty identified issues.  Bassett Consulting Engineers were engaged directly by 
Sydney Ports Authority to provide a lighting report for inclusion 
(http://www.sydneyports.com.au/__data/assets/pdf_file/0018/2772/App_Z.pdf) into the EIS.  The 
report did not include any comments on the effect of lighting on flora and fauna as 
this was outside the expertise of Bassett Consulting Engineers (Shotbolt 2002, pp1-37).  
The lighting investigation and report was based on the human visual system, that is, 
the CIE Vλ curve representing the response of the human eye and the basis of 
lighting quantities and units. 
Illuminance measurements of the existing night-time environment were recorded 
and a computer model was created in AGi32 lighting software representing the 
maximum likely scenario for the proposed development assuming lighting similar in 
standard to the existing terminal.  Light spill predictions were based on that 
computer model. 
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East west airport runway 
North south airport runway 
North south parallel runway 
 
 
Proposed container terminal 
expansion 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Existing container terminals 
Copied from original report submitted in the 
lighting report for the EIS for the project to URS 
Australia (Shotbolt 2002, Appendix A Images and 
diagrams dwg No 5226-l01). 
Figure 9.5  Container terminal expansion, Port Botany (Sixmaps image). 
OBS1 
OBS2 
OBS3 
OBS4 
OBS5 
Kurnell 
Towra Point 
Ramsgate 
Beach 
 Figure 9.4  Proposed container terminal expansion, Port Botany 
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The Ecology Lab Pty Ltd was engaged to conduct investigations and produce a 
report on the ecology.  There seemed to be a comprehensive investigation of prior 
studies and meticulous establishment of control sites and thorough investigation of 
benthic and seagrass communities and the effects of dredging and proposed site 
work. 
Opinions were expressed on the potential for the project to have effect on identified 
issues although there was less information when it came to the specific effects of 
the modelled light spill on various species.  Algae bloom had been mentioned as 
one of the environmental concerns in respect of changing water flow and run-off 
from land drainage into the general area, the potential for the constant night-time 
illumination of certain areas of water increasing the potential for algae bloom was 
over-looked (Shotbolt 2005, pp1-5). 
Measurements of illuminance and photographs recorded the situation (refer also 
Figures 9.6 and 9.7 and Table 9.1) and as shown in the full copy of the report 
included in Appendix F.  A clear indication is provided of Penrhyn Estuary which is 
considered a location for migratory bird species.  Some bird species are shown in 
Figure 9.7. 
9.8.1.2 Lighting reassessment of the Port Botany expansion following 
construction in 2011-2013 
The container terminal expansion was built for the Sydney Ports Authority, the 
retaining structures; earthworks and new Sirius Road access bridge were completed 
in late 2011.  Tenancy works commenced after handover.  The current tenants are 
Patrick Stevedores and Hutchinson Ports, Patrick’s occupying the original 
Brotherson Dock North with some expansion and Hutchinson’s tenanting the 
majority of the container terminal expansion closest the airport parallel runway.  The 
layout and installation of various infra-structure such as lighting is negotiated 
between the tenant and Sydney Ports Authority (Sydney Ports now amalgamated 
into and part of the one entity - Port Authority of New South Wales – effective 1st 
July 2014). 
Penrhyn Estuary was considered a very important area with consideration of 
migratory species agreements.  Brotherson Dock North expanded closer to Penrhyn 
Estuary and Penrhyn Estuary was modified to make it more attractive from a food 
source aspect for the various bird species.  Mangroves were removed, sand and 
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detritus matter were imported and saltmarsh was planted as indicated in Figure 9.8 
forming a sculptured sanctuary and fenced observation lookout area.  The changes 
are shown in Figures 9.9 albeit different tide levels. 
The lookout displays signage, Figure 9.10, to assist visitors identify the various bird 
species.  Figure 9.11 indicates that there is bird life in Penrhyn Estuary using the 
light at night to advantage.  Whilst the majority of area lighting is high pressure 
sodium (orange-yellow light), some of the lighting, particularly associated with the 
most recent Hutchison Port is very cool white LED both for road lighting (Figure 
9.12) and lighting on the large container cranes.  The practical feasibility and 
profusion of blueish-white LED area lighting was not foreseen in 2002 and therefore 
excluding blueish-white LED was not made a condition beneficial to the 
conservation of the area. 
The beach areas along Foreshore Road, where people exercised their horses and 
dogs etc, no longer exist (Figure 9.13) as it has been dredged producing rock lined 
embankments and fenced pedestrian and bicycle paths which meander along the 
area with high vegetation along both sides.  Even though there is P category 
 
 
Figure 9.6  Penrhyn Estuary and Foreshore Road beach (low tide) observation point and 
direction of measurement (red) and photograph location and direction (yellow).  Figure 
copied from report (Shotbolt 2002, Appendix A Images and diagrams, Figure 30).  
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Table 9.1  Illuminance measurements taken in October 2002 (copied from report 
(Shotbolt 2002, Appendix A Images and diagrams, Figure 30). 
 
lighting using compact fluorescent lamps, it is isolated and hidden from view making 
it an undesirable location at night. 
Whilst some illuminance measurements were recorded on 13th December 2014 
between 2030 hrs and 2230 hrs, there is difficulty making a direct comparison 
between the 2002 and 2014 measurements.  There are a number of factors 
contributing to the differences: 
 There was a considerable difference in the ambient lighting.  In 2002 the night 
sky was lightly overcast.  December 13th 2014 was essentially a clear night sky 
following days of strong winds and previous days of intense storms hence 
reducing light scatter from both pollution and cloud cover.  This is a fairly 
significant factor considering the illuminance values being measured (Table 
9.2). 
 The moon phase was not recorded for 6th and 21st October 2002 and may have 
contributed to the ambient lighting. 
 Illuminance is sensitive to distance from the light source(s) and position of 
measurement.  There is no longer any access to any of the points originally 
used along the beach near Foreshore Road (OBS 9) nor access to the actual 
locations adjacent Penrhyn Estuary (OBS 6/7 – lookout).  The new Penrhyn 
Estuary lookout is back further from the water and therefore the measured 
illuminance would likely be less. 
 The overall light contribution depends on the number of ships docked at the 
time and the number of floodlights and aiming of those floodlights located on 
board each ship. 
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Figure 9.7  Bird life on peninsula off end of Brotherson Dock North (Figure 34 in original report – refer Appendix F) 
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Figure 9.8  Penrhyn Estuary has been changed. 
The top image taken from the November 2002 report (and rotated to match the bottom 
image orientation for ease of comparison) indicates sandy beaches and some deeper 
water areas.  The bottom image is a schematic explaining how the area has been 
significantly modified in an attempt to conserve the value of the area to migratory and 
local bird life.  Halfway between Obs 6 and 7 (top) is approximately near Penrhyn 
Estuary Lookout (bottom image).  Refer also Figure 9.9 for 2014 photograph of 
modified estuary area. 
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Figure 9.9  Penrhyn Estuary and Brotherson Dock North changes since 2002. 
Infrastructure and facilities on Brotherson Dock North have moved closer to the 
estuary.  Mangrove has been removed, deeper areas filled, topsoil and detritus matter 
added etc. to increase the available food source for bird life as a sanctuary (refer 
Figure 9.8). 
 
 
Figure 9.10  Part of the Penrhyn Estuary wildlife sanctuary information signage on 
display at the new lookout facility. 
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Figure 9.11  Some bird life at night in Penrhyn Estuary sanctuary indicated by 
dashed outline (13th December 2014 approx. 2130 hrs). 
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Figure 9.12  Images of Penrhyn Estuary sanctuary (13th December 2014 at approx 
2030 hrs) taken from the new Lookout. 
The top image is a view east and the bottom image is a view south – low tide. 
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Figure 9.13  The original sandy beach (top image) leading to Penrhyn Estuary has 
been dredged and replaced with a steep stone retaining embankment (bottom 
image). 
The bottom image shows a new bridge (Sirius Road) beyond and beneath which a 
small area of sand can be seen, that is, approximately the same as the curve in the 
top image. 
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Figure 9.14  Comparison before and after construction of container terminal 
expansion as seen from the beachfront at the corner of Bestic Street and The Grand 
Parade, Kyeemagh. 
The top image (Oct 2002) is a scan of a photograph on film indicating the 
approximate position of Brotherson Dock North.  The bottom image (Dec 2014) 
using digital photography indicates the approximate position of Brotherson Dock 
North which is behind the recent container terminal extension outlined in white. 
 Brotherson Dock South (now tenanted by DP world) is in the process of 
removing existing lighting as the terminal is modified to the requirements of the 
new tenant.  That terminal had metal halide lighting which contributed 
significant direct light above the horizontal as it was technically excluded from 
zone D limitation associated with the airport runways (refer Figure 9.4).  This 
currently significantly reduces sky-glow.  
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Measurement Point Eh lux Ev lux Comments 
OBS 1 - Kyeemagh 
 0.22 Oct 2002 with lightly overcast sky 
 0.10 1 Okta light overcast otherwise clear 
sky 
OBS 6/7 - lookout  0.91 Aimed SE from lookout 
OBS 6/7 - lookout 
 1.08 Oct 2002 with lightly overcast sky 
 0.74 Directed at Brotherson Dock North 
as per original study but from lookout 
OBS 6/7 - lookout  0.32 Aimed W from lookout 
OBS 9 - from new view 
point 
 0.31 Oct 2002 with lightly overcast sky 
 0.68 Aimed directly across towards 
Hutchison Ports 
General sky 
0.45  Oct 2002 with lightly overcast sky 
0.07  Almost clear sky after strong winds 
Table 9.2  Comparison of measured illuminance values at specific locations, 2002 to 2014. 
Considering the above five points it is not surprising that the most recently 
measured values appear to be less than the values recorded in 2002.  If the 
ambient conditions had been similar the results may well be different.  OBS 9 is 
understandably greater due to the presence of the new extension although it would 
have been higher if DP World facility had been operating as previously. 
The spectral composition of the ambient lighting has changed as can be seen in 
Figures 9.12 and 9.14. 
The extent of lighting visible from Kyeemagh has increased as shown in Figure 
9.14, however, some of the poorly aimed and glaring floodlights associated with the 
tank farm on the far side of Brotherson Dock North are no longer visible which 
reduces some of the light spill component towards OBS 1 at Kyeemagh. 
 Gove Alumina Refinery, Northern Territory 
The alumina refinery at Gove in the Northern Territory is located on a peninsula that 
faces both Inverell Bay and the Arafura Sea.  The proposed development was an 
extension to the existing industrial processing facility (refer Figure 9.15). 
Different investigations were run in parallel which meant that species and 
abundance or lack thereof were not identified at the time lighting investigations had 
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to be conducted.  Measuring existing environmental conditions requires appropriate 
weather which means late winter and new moon so that moonlight is eliminated 
from existing electric light spill measurements.  Measurements of lighting relating to 
human observation, that is, illuminance and luminance, as well as radiometric 
spectral measurements were recorded at various measurement points on land and 
at sea (refer Figure 9.15). 
Significant hazards at night around water were saltwater crocodiles and water 
buffalo, however, neither was listed as a threatened species and therefore unlikely 
to be the subject of an EIS assessment.  At the time of the on-site lighting 
investigations ecological studies had not been completed although marine turtles 
were listed as endangered species for the region. 
Site observations, night-time lighting measurements and computer modelling were 
conducted and formed part of the completed report (Shotbolt 2003, pp1-63).  Light spill 
predictions were based on the computer model (refer Figures 9.16 and 9.17). 
Whilst spectral measurements of incident lighting was measured as indicated in 
Figures 9.18, 9.19 and 9.20, valuable experience was achieved but the objective of 
indicating differences in spectral distributions was not successful.  Although 
recommended equipment along with an approved operator was hired from the 
CSIRO, the equipment proved quite inadequate at measuring the spectral 
composition of light at low ambient lighting levels.  Figure 9.20 shows a 
considerable quantity of ‘electronic noise’ in the graph with the majority of 
measurements being discarded due to excessive noise and very little useful signal.  
The lesson being: be wary of technical advice no matter what the source unless 
equipment is trialled first before venturing on long distance, one opportunity 
exercises. 
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Figure 9.15  Light 
measurement locations 
around Gove Alcan refinery. 
(Details at each location 
indicated in Appendix F). 
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Figure 9.16  Iso-illuminance contours of existing lighting based on site 
survey (URS Australia, 2004), and redrawn from (Shotbolt 2003, pp1-63) and 
included in Appendix F. 
 
Chapter 9  Conservation 
246 
 
 
 
 
 
 
Figure 9.17  Iso-illuminance contours of cumulative existing plus new lighting based on 
site survey (URS Australia, 2004), redrawn from (Shotbolt 2003, pp1-63) and included in 
Appendix F. 
 
Unwanted lighting effects at night in Australia 
247 
 
Figure 9.19  Spectral distribution typical of triphosphour fluorescent at LM09 
Figure 9.18  Spectral distribution typical of high pressure sodium (HPS) at LM05 
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Figure 9.20  Spectral distribution typical of a mix of HPS and triphosphour 
fluorescent with background signal noise at LM18.  
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 Cape Lambert Port B Development, W A 
Located near Wickham and Point Sampson in the Pilbara region of Western 
Australia, the Cape Lambert Port B Development, is an iron ore handling, 
processing and ship loading facility (Figures 9.21, 9.22, 9.23, 9.24, and 9.25).  The 
project development was the expansion of the capacity of the existing facility from 
55 million tonnes per annum (mtpa) to 215 mtpa.  The proposed development was 
subject to Commonwealth and Western Australian Government assessments in 
accordance with the Environmental Protection Act 1986 (WA) and the 
Environmental Protection and Biodiversity Conservation Act 1999 (Cwth).  The 
potential effect of lighting on marine turtle nesting in the area was the main concern. 
This contract also included computer modelling of the lighting of the existing 
facilities and adding the proposed additions so that both the potential effects of the 
proposed development and the cumulative effects could be assessed (Shotbolt 2008, 
pp1-35).  The final report was included as part of the Public Environmental Review 
(PER) report (Sinclair Knight Merz 2009, pp5.42-45.46). 
 
 
 
 
 
Figure 9.21  Cape Lambert 
Port B typical lighting, ship 
loading (left end), jetty, 
transfer station and 
conveyors (right end) 
Figure 9.22  Ship loading 
from jetty. 
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Figure 9.23  Transfer station typical lighting. 
Figure 9.26  shows the small Cooling Water beach where some marine turtles still 
nest despite direct light from the adjacent power station facility, the noise from 
adjacent stacker/reclaimers and materials storage area that can be seen at the top 
of the beach contributing further noise and activity to the area.  Bells beach (Figure 
9.27) is the most significant marine turtle nesting beach in the immediate area. 
 
 
Figure 9.24  Typical shipping zone at end of jetty. 
 
Figure 9.25  Composite photo illustrating the scale of operations with 
ship loading at the far end of the jetty (refer also to Figures 9.22, 9.23, and 
9.24), transfer station in the middle plus stackers and reclaimers 
storing and removing the ore (right half of Figure). 
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Figure 9.26  Cooling water beach where some marine turtles still nest despite the disruption. 
 
Figure 9.27  Bells beach looking toward Cape Lambert Port B in the background. 
 
Figure 9.28  Evidence of maritime turtle via tracks left in the sand. 
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Figure 9.28 shows evidence of tracks left in the sand on Bells beach by marine 
turtles the night before.  Some tracks lead up to the dunes where eggs will have 
been laid, other tracks finish at nests only part way up the beach. 
 Anketell Port, W A 
The following text is a copy of the executive summary of the analysis and report for 
this project (Shotbolt 2012, pp1-20), except figure numbers have been changed to be 
appropriate for this chapter.  A copy of the original report is included in Appendix F. 
API sort environmental approval for the proposed multi-user Anketell Port on behalf 
of the State (and all potential users).  API’s proposal included development of a 
causeway and loading wharf running north-northeast off Anketell Point, a 15.2km 
long shipping channel, four berth pockets, ore transport and storage infrastructure 
(including rail link) and construction and operations support infrastructure including 
desalination plant, power station and quarry.  The indicative location of key 
infrastructure components is presented in Figures 9.29 and 9.30. 
API sort environmental approval under Part IV of the Environmental Protection Act 
1986 (State) and the Environment Protection and Biodiversity Conservation Act 
1999 (Cwth) (EPBC Act).   The Public Environmental Review/draft Public 
Environment Report (PER/draft PER) document for the proposal was available for 
public review for ten weeks between 20 December 2010 and 28 February 2011. The 
Final Public Environment Report (Final PER) was published under the EPBC Act on 
14 December 2011.  Following their review of the Final PER, the Department of 
Sustainability, Environment, Water, Population and Communities (DSEWPC) 
responded to API on 3 February 2012 requesting further information on a number of 
issues.  One comment was as follows:  
“API should also conduct new light spill modelling of the varied proposal and 
implement appropriate adaptive management for Anketell Point (including 
surrounding beaches) and Dixon Island. This should also be conducted for Bezout 
Island and should include the cumulative lighting spectrum from the Cape Lambert 
port given its proximity to these islands as well. The results of new turtle surveys 
should be evaluated when assessing the impact of light spill in the project area.” 
AECOM subsequently were engaged by API Management Pty Ltd to assess the 
potential for light spill from the proposed West Pilbara Iron Ore project development 
of Anketell Port (Stage 1, 100mtpa).  The task was to determine the potential light 
spill by computer modelling the proposed development and relating that to marine 
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turtle nesting sites at Anketell Point, at Bells Beach, and also at Bezout, Delambre, 
Dixon, Hauy and Legendre Islands. 
Also, a secondary subject to model was the potential light spill across the onshore 
area of Anketell Point to provide additional information regarding potential impacts 
to migratory bird roosting sites. 
The lighting was calculated using AGi32 Lighting design software.  Project 
background information was imported into AGi32 software from AutoCAD dwg files.  
The different infrastructure components were based on and modified from previous 
work developed for Cape Lambert Port B.  The model included lighting for: 
• The wharf and jetty both conveyor and road lighting plus some lighting for the 
ship loaders; 
• The tug boat harbour; 
• A transfer station close to the start of the causeway; 
• Some road lighting, mostly limited to road junctions; 
• Stockpile area lighting plus some stacker/reclaimer lighting, and; 
• Lay down area lighting. 
Lighting type, distribution and location were assumed based on existing port 
infrastructure in the region and taking into account the guidance provided by EPA of 
WA Environmental Assessment Guidelines No 5, 2010.  Figures 9.31, 9.32 and 9.33 
show some of the modelled light spill from the proposed Anketell port development 
– all calculations are shown in Appendix F. 
The extent of light spill depends on the choice of luminaires, their location and their 
aiming. Due to the proximity of sensitive areas such as Dixon Island marine turtle 
nesting beaches the most restrictive (lowest spill) luminaires were selected based 
on proposed lighting at Cape Lambert Port B lighting.  This included extensive use 
of amber LED luminaires and high pressure sodium luminaires mounted and aimed 
such that the front glass was horizontal to minimise any light spill and prevent direct 
upward light contributing to sky glow. 
Bright moonlight is on average taken to be 0.25 lux and was used as a benchmark 
in the absence of established thresholds on light and behavioural responses of the 
species.  The report typically shows isolux lines representing 0.1 lux plus orders of 
magnitude below that (0.01 and 0.001 lux).  Noting that good quality illuminance 
meters will only measure to two decimal places which means a ± 0.005 lux 
accuracy. 
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Figure 9.32 indicates the extent and potential value of direct light spill (direct 
illuminance) at various locations across Anketell Point based on the model of the 
proposed installation.  Two different levels of calculation plane are shown as noted 
in Figure 9.32 with one representing coastal zones and the other areas more inland.  
The model shows less than 0.01 lux in the vertical at most locations including the 
south west mud flats. 
Dixon Island is the closest island and will be affected to some extent.  The marine 
turtle nesting beaches to the north side of the island would be in the shadow of the 
island and there would be no direct light spill onto this main beach.  The beaches on 
the south side of the island would have some direct light spill in the vertical plane 
towards Anketell Point (refer also to Appendix F). 
Most of the adjacent islands show no practically measureable direct light spill from 
the proposed development as noted in the various sections of the report. 
Bezout Island is outside the area of influence from the proposed Anketell Port 
development with vertical illuminance values indicted below 0.001 lux (refer Figure 
13 Appendix F) and therefore of no measureable effect given the practical limits 
noted in section 7 Appendix F.  The cumulative (Anketell and Cape Lambert Port B 
models together) result indicates values of 0.002 lux which is contributed by Cape 
Lambert Port B development. 
Bells beach cannot have a cumulative vertical illuminance (refer 4.2.1 Appendix F) 
result because the Cape Lambert Port B development light sources are virtually in 
the opposite direction to those that would be positioned on the proposed Anketell 
development.  Therefore the maximum effect in the vertical plane for Bells beach 
from Anketell would be 0.001 lux.  Horizontal plane calculations can be cumulative 
from both developments as horizontal values are not azimuth orientation sensitive, 
however, the horizontal values (refer 4.2.1 Appendix F) will be 0.00 lux. 
Delambre, Hauy and Legendre Island cumulative vertical illuminance modelled 
results show 0.000 lux. 
A concern in regard to marine turtle hatchlings is mis-orientation by being directed 
away from the water as a result of being attracted to bright light sources behind a 
beach and dunes.  For Dixon Island luminaires would not be visible from the north 
side main beach.  For Bells beach Anketell Port development would be in the 
seaward direction.  Similarly for Delambre , Hauy and Legendre Islands, any 
proposed Anketell Port development lighting would be in the seaward direction from 
the respective islands. 
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The computer models constructed for the analysis and report indicate that it is 
possible to minimise light spill to the surrounding area and minimise any direct 
contribution to sky glow by careful selection of luminaires and their appropriate 
positioning, aiming and screening. 
The sensitive period for the identified species of marine turtles is October through to 
April and for the migrating Grey-tailed Tattlers it is similar though starting earlier, 
August through to April.  The winter period, when night-time is the longest duration, 
less sensitivity may be permissible. 
Further, during detailed design development, relevant management and mitigation 
measures for the proposed development should include: 
• Careful placement and direction of lighting: all luminaires mounted as low in 
elevation as possible, 
• Use of shrouded or timed lighting, 
• Direct light spill of long wavelength (red) and high light intensity to be reduced 
as much as reasonably safely practicable, 
• Lighting along roadway and parking areas to horizontal cut-off asymmetric 
distribution type luminaires or alternatively shielded sodium lighting,  
• Assessment of the light-reduction design aspects adjacent to mapped roosting 
areas subject to safety in design and safe operational practice. 
It was recommended that during all stages of detailed design of the proposal light 
spill calculation checks would be required to show that, other than at Anketell Point, 
all turtle nesting beaches as shown in Figure 9.30 are maintained in the shade at 
ground level or are not subject to direct light exceeding 0.001 lux (using 1.0 
maintenance factor) from Port infrastructure or activities during the turtle nesting 
and hatching seasons defined as October to March in any year.   
Further, it was recommended that during construction, operations and 
decommissioning, the proponent should ensure that, other than at Anketell Point, all 
turtle nesting beaches as shown in Figure 9.30 should be maintained in the shade 
at ground level or are not subject to direct light from Anketell Port as measured on 
sites (in the absence of moonlight) of values exceeding 0.01 lux ( ± 0.005 lux 
accuracy) using an illuminance meter which has been certified by a NATA 
registered laboratory (in the period up to the previous 12 months).  This applies to 
light directly from Anketell Port infrastructure or activities during the turtle nesting 
and hatching seasons defined as October to March in any year. 
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9.8.4.1 Migratory Birds and Cape Lambert, WA 
9.8.4.1.1 Sites considered important 
Sites considered important to migratory waders include those that regularly support 
greater than 1% of the flyway population of a species (Ramsar Convention 2000).  
Numbers of the Grey-tailed Tattler recorded (API 2014, p15) from the proposal area 
and surrounds exceeded this threshold during surveys conducted in October 2010 
(low tide count 501 birds, high tide count 662 birds) and January 2011 (low tide 
count 399 birds, high tide count 641 birds)( refer Figure 5 Appendix F). 
9.8.4.1.2 Grey-tailed Tattler information (DSEWPC) 
The Grey-tailed Tattler breed in northeast Siberia migrating to areas including 
Australia.  The Grey-tailed Tattler arrives in Australia during August and return to 
their breeding grounds in April. 
Diet includes polychaetes, molluscs, crustaceans, insects and occasionally fish.  
Food is found by foraging in shallow water and on hard intertidal substrates such as 
reefs and rock platforms. 
The birds roost in the branches of mangroves, on rocks, also sand-dunes but rarely 
on bare sandy beaches or sand banks (Department of Sustainability Environment Water 
Population and Communities, list of migratory species, no page number).  Within the Anketell 
Point area they have also been recorded roosting within upper-littoral salt flats. 
9.8.4.1.3 Response to electric lighting at night 
Migratory waders are adapted to natural changes associated with the day and night 
cycle as well as the night-time phase of the moon. Artificial lighting has the potential 
to displace migratory birds from preferred roosts, or may create a constant level of 
light at night that can affect behaviour (including attraction) and migration related 
orientation (Van De Laar, pp1-14, Wiese et al. 2001, pp1285-1290). Migratory waders may 
also use lighting from natural sources to orient themselves during migration (Poot et 
al. 2008, p8). 
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Figure 9.29  Proposed Anketell Port Development infrastructure. 
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Figure 9.30  Turtle nesting locations in the vicinity of the proposed development (adapted from API 2014, Figure 2). 
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The amount of research and bank of knowledge relating behavioural response to 
electric light in the environment is considerably less than that associated with some 
marine turtles.  
 
 
 
 
Figure 9.31  Pseudo colour image showing extend of influence of light spill in the 
vertical plane (indicating modelled light levels ( i.e. illuminance units-lux)). 
Note that bright moonlight is 0.25 lux and that the lowest measureable value with 
a quality illuminance meter is 0.01 lux.  For greater detail around Dixon Island 
refer Figure 15 Appendix F. 
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Figure 9.32  Detail lighting calculations of Anketell Point around the Anketell Port proposal. 
The diagram shows isolux representations of light spill in the vertical plane at two different landform contour levels, the lower (blue) grid representing the 
coastal zone and the higher (red) grid representing an average at 6m elevation above the lower level. 
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a) A representation of direct upward light from proposed asymmetric floodlighting 
 
b) A representation of the direct upward light if a 400W high pressure sodium floodlight is used on a 
stacker/reclaimer (peak aimed at 54 degrees and no shielding. 
Figure 9.33  A representation of the reduction in direct upward light spill (refer 4.2.2 Appendix E) as a result of using asymmetric floodlights (a) on stacker/reclaimers as proposed in this model compared to 
unshielded lights. 
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 Gorgon Gas Development Proposal 
The proposed development was the construction of facilities for the development of 
the Greater Gorgon Gas Fields on the North-West Shelf and the processing and 
exporting of the gas at a liquefied natural gas plant to be constructed on Barrow 
Island. 
The EPA considered there to be unacceptable risk of extinction of some species if 
certain species that were identified within the Gas Treatment Plant site were not 
found elsewhere. (Chevron 2008, Appendix B, Summary of the EPA’s Key Findings, Chevron 
Australia’s Management Obligations and the ministerial Conditions Relevant to the Revised Proposal).  
Light emissions were identified as a risk to terrestrial and marine fauna (Chevron 2008, 
Appendix C, Risk Assessment Tables, p2.). 
Barrow Island is a nature reserve and a commitment of $60 million by the Gorgon 
Joint Venture to initiatives to preserve the Flatback Turtle population and protect 
other endangered species was part of the consideration of the plan of management 
of the environmental impact,(Chevron 2008, Appendix A, Existing Government Environmental 
Approvals for the Gorgon Gas Development, p1.). 
Illuminance calculations were provided citing “mean illuminance levels” on critical 
turtle nesting beaches with no indication whether the calculated values were vertical 
or horizontal.  Illuminance on the horizontal usually shows a smaller footprint around 
an installation.  Illuminances in vertical planes facing towards an installation usually 
represent a much larger footprint and more closely indicates the extent of light spill. 
The calculated values were claimed to be equivalent to “Quartermoon”, (Chevron 
Australia, 2008, Appendix D, Light and Noise Emissions – Risks and Management for the Revised 
Proposal, Kellog Joint Venture Gorgon 2008, pp1-20). 
 Ichthys Gas Field Development Project Blaydin Point, Darwin 
The Northern Territory Minister for Natural Resources, Environment and Heritage 
determined that this proposal required formal assessment, under the NT 
Environmental Assessment Act 1982 (EA Act), at the level of an Environmental 
Impact Statement (EIS). In the guideline (Department of Natural Resources, Environment, 
The Arts and Sport, Northern Territory Government and Australian Government Department of the 
Environment, Water, Heritage and the Arts 2008, pp1-40) Table 1 listed specific issues to be 
addressed, including lighting.  Under potential impacts it was stated that 
“Illumination and lighting, including disorientation of fauna such as marine turtles 
and seabird/shorebirds …” should be addressed. 
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 Green and Golden Bell Frog at Sydney Olympic Park 
Homebush was an industrial wasteland and heavily polluted.  The area was 
completely demolished and remade and eventually became the proposed site for 
the Olympics 2000 bid.  The Green and Golden Bell Frog became one of the 
symbols for the green Olympic Games.  The Green and Golden Bell Frog was first 
reported in the Homebush Bay brick pit in 1991 and at approximately the same time 
it was listed by the New South Wales Government as a threatened species following 
massive widespread local extinctions in the 1970’s and 1980’s. 
A monitoring program collected data during 1993, 1994 and 1995 and that data 
became part of a Fauna Impact Statement (FIS):  the data was not based on a 
single snapshot in time.  The first attempt to create habitat for the frogs was a 
dismal failure (White, (no date), p169) as no frogs colonised the landscaped ponds. A 
number of different scenarios were subsequently constructed over the Homebush 
Bay site and it was ultimately realised that a variety of varying habitat was required 
and that the behaviour of the frogs needed to be studied in much more detail before 
success was ultimately achieved for the Sydney 2000 Olympics. 
Elements contributing to that success seemed to be funding, study over time, 
understanding the essential behaviours, a strong marketing image with a positive 
sympathetic and likeable image of the species earning environmental credibility for 
the Australian Olympic Committee and the Government of Australia on the World 
stage. 
 Other reports for EIS submissions 
Many projects require the assessment of the impact of light, however, unless there 
are triggers as noted in section 6.2.3, it is unlikely to be listed as a significant issue 
and therefore unlikely to be assessed as part of the process.  The following is a list 
of some examples where potential light spill was an issue but fauna was not 
considered: 
 Camden Gas Plant Stage 2, NSW (Shotbolt 2003, pp1-5); 
 Rozelle Bay Marine Centre, NSW (Shotbolt 2005, pp1-25); 
 Bassgas On-shore Plant, Lang Lang, VIC (Shotbolt 2005, pp1-7). 
 
 
 
 
Chapter 9  Conservation 
264 
 
9.9 Comments 
 Eco system considerations 
The importance of understanding the eco-system and all of the inter-relationships is 
essential as indicated in standard text-book food webs and emphasised by the 
catastrophic failure of the Biosphere II experiment in 1993 in Tucson (refer 
Appendix F).  However, it appears from the examples in this chapter that the 
presence or absence of species listed in the EPBC Act or one of the international 
migratory species agreements are the primary drivers.  With marine turtles the focus 
is on nesting beaches and migrating birds the focus is on roosting sites.  Whilst with 
the Anketell study the diet of the Grey-tailed Tattler species was listed, no attention 
was given to the effect the proposed development may have had on the food chain 
of the Grey-tailed Tattler. 
 Focus on the animal kingdom 
Following on from item 9.9.1 the attention appears to focus on biota of the 
vertebrate animal kingdom despite a number of studies illustrating the importance of 
the seemingly less significant biota such as invertebrates and other Eukaryotes and 
Prokaryotes.  Another example of a focus on the animal kingdom was the Port 
Botany EIS that did not consider the potential for light spill from added artificial light 
to influence algae growth in Penrhyn estuary (refer 9.8.1). 
9.10 Conclusion 
The effects of man-made lighting are primarily localised.  The null hypothesis:  
effects of artificial light are far reaching can be true depending on the species and 
behaviour.  
Migratory species may experience direct effects of localised artificial lighting; 
however, the effect may be far reaching.  If, for instance, the Grey-tailed Tattler 
roosting at Anketell have their food sources at their traditional Australian destination 
depleted by the effects of development and they are not able to adapt their foraging 
behaviour to include adjacent areas then the effect might be localised, however, the 
effect could be much greater.  The same principle applies to marine turtle nesting 
and hatchlings where the effect is localised but the effect may be more significant, 
ultimately affecting the entire migratory route both as prey and as predator. 
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Migratory invertebrates such as the Monarch butterfly migration from North America 
to Mexico is well known, although it occurs to lesser extent in Australia where the 
Monarch butterfly (known as the Wanderer butterfly) travels from inland Australia to 
coastal areas during winter.  The Bogong moth migrates from lowland areas to 
cooler highland areas in spring and return to the lowlands in autumn: Bogong moths 
travel by night.  There may be local effects due to artificial light but there also may 
be far reaching effects on the whole migration and associated food chains. 
Many invertebrate species and other biota such as plants are likely to be less 
mobile and therefore the effect of artificial light more localised. 
Where sky-glow may have an effect on the behaviour of biota from some distance 
that may not be considered localised. 
The hypothesis that the impacts of man-made lighting are primarily localised may be 
true for some biota but not necessarily true for mobile species. 
The presence of a rare or endangered species will prevent a proposed development 
proceeding.  The null hypothesis: with an appropriate mitigation plan a development 
may still proceed in the presence of rare or endangered species. 
Proponents of developments may well feel that during the public consultation 
process that it sometimes appears that a rare or endangered species of bat or other 
biota materialises.  Those opposing a proposed development value the discovery of 
previously unknown threatened species and no doubt realise the value of that as 
leverage. 
The importance of the proposed development to the economy is one factor that is 
weighed in balance against other factors presented.  Proposed mitigation measures 
and controls are other important factors in assessing development proposals.  
Essential infrastructure projects are likely to proceed albeit with some modification 
or conditions; however, the power of media exposure is also part of leverage and an 
integral element of public office. 
Port facilities associated with export of minerals and raw materials are an example 
of developments considered important to the economy; usually they are sufficiently 
remote that the majority of the population do not relate to issues associated with 
those developments.  Providing some reasonable mitigation measures are 
proposed for the potential effects on endangered species such as marine turtles, the 
development is likely to proceed. 
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The Sydney Olympic site and the Green and Golden Bell Frog is an interesting case 
of high profile and political factors.  One element was the recognised issue of rapid 
mass extinctions of frog populations around the World raising considerable concern 
and media attention.  Another element was the game of strategy associated with 
vying for the privilege of hosting an Olympic Games and the international attention 
and business such an event attracts.  A further element was the marketing of the 
proposed Sydney venue as a green venue and example of how to turn a toxic 
industrial wasteland into an Olympic venue.  Whilst determining that the Homebush 
Bay brick pit was ‘core habitat’ for a rapidly disappearing species of biota, the need 
to prove to the World that it was a green games by not annihilating the Green and 
Golden Bell Frog became an essential element that caused some planning changes 
and mitigation measures that meant both the Olympic Games and the Green and 
Golden Bell Frog benefitted. 
As the null hypothesis is most likely true, the hypothesis most likely cannot be.  The 
presence of a rare or endangered species will not necessarily prevent a proposed 
development proceeding. 
An existing environment prior to any proposed development proceeding is based on 
a static snap shot in time rather than establishing the constantly changing 
characteristics of that existing environment.  The null hypothesis:  The 
characteristics of an existing environment or ‘control’ is assessed a number of times 
over several years before a development is proposed in a particular area. 
The Sydney Olympic Park Green and Golden Bell Frog study indicated that 
monitoring and data gathering occurred over a number of years followed by years of 
trial and error established not only the initial snapshot impression of a frog friendly 
habitat and the complete failure of frog inhabiting those areas but the subsequent 
realisation of the importance of variety of habitat and variation and the importance of 
understanding frog behaviour over time. 
The Port Botany container terminal expansion is another example where data had 
been gathered over a period of time.  This was not by funding allocation to the 
investigation but use of previous information gathered years earlier prior to the 
construction of the parallel runway protruding into Botany Bay from Kingsford Smith 
Airport and immediately adjacent the proposed container terminal expansion 
proposal.  In fact an agreement had previously been understood between the 
Sydney Ports Authority and the Sydney Airports Corporation that material could be 
dredged from the proposed future container terminal expansion docking area to fill 
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the construction of the parallel runway.  Unfortunately, the wrong area was dredged.  
Whilst the earlier information was not entirely accurate as it used data based on the 
pre-existence of the parallel runway, in principle it provided some time dimension to 
establishment of the existing and changing nature of the environment in that 
location.  Also a control area was established in the southern area of Botany Bay. 
The above two examples seem to be the exception based on the number and 
variety of environmental studies that I have been involved with in the last fifteen 
years.  The larger projects including those listed above in this chapter only involved 
a snapshot in time on species observed or trapped over a period of days or weeks 
and their relationship to the Government Threatened Species data base.  The 
pressure of minimising time to obtain approval to proceed and available funding for 
investigations combine to produce these circumstances.  The Gove lighting 
investigation was conducted in parallel to biological and ecological investigations to 
meet time requirements and fit within climate criteria of the region so the importance 
of specific biota was not known at the time of lighting investigations. 
Projects of smaller size were given even less attention to detail.  Some project 
developments basically required a letter stating that there would be no 
environmental effects without any investigation of proposal development site 
conditions at all.  Such projects were politely declined over the years as clearly little 
factual information or accurate statement could be provided which raises a question 
about the experience and training of those people approving such developments 
based on lack of investigation. 
With few exceptions, on balance the null hypothesis that the characteristics of an 
existing environment or ‘control’ is assessed a number of times over several years 
before a development is proposed in a particular area is not true.  Therefore for the 
majority of projects the hypothesis holds. 
Conservation biology, ecology, species behaviour and the importance of both local 
environment and world scale migrations and therefore inter-linked environments are 
being addressed more now than in decades past.  The various sciences are 
evolving and the volume of information is increasing, however, in the overall scale of 
the planet, Biosphere I, it does not seem to be nearly sufficient leading to 
generalisations about species characteristics, mostly about vertebrates, and the 
relationship to the overall environment creating terminology such as ‘best available 
technology (BAT)’ which is not necessary all that meaningful in the contexts that 
BAT has been used.  It is the misunderstanding of smaller seemingly insignificant 
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aspects of an environment that can cascade into the failure of a system as indicated 
in the Tucson experiment Biosphere II, however, with time, funding and incentive to 
succeed, examples such as the Green and Golden Bell Frog and the Sydney 
Olympics is encouraging. 
The container terminal expansion in Port Botany is an example of compliance with 
all of the requirements specified and imposed as part of the development approval, 
however, the emergence of a practically viable new lighting technology and the 
potential for different spectral characteristics of that light being less desirable in a 
sensitive wildlife sanctuary, was not predicted and accommodated back in 2002 and 
projected forward to the construction period 10 to 12 years into the future.  
Therefore one of the aspects that may need changing is the traditional process of 
designing, specifying and approval of lighting years before actual purchase and 
installation.  Changing the process means accommodating rapidly changing lighting 
technology(s) and advantages to the environment provided by the assets that are 
installed rather than being limited or not sufficiently limited by criteria set in place 
years previously at development approval stage. 
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10 Business modifies the independence of standards and 
codes 
10.1 Introduction 
Standards and Codes usually include input from industry associated with the issues 
of a proposed standard or code of practice.  Standards Australia indicates that 
standards committees are formed from a broad cross-section. 
“Each standard is developed by a balanced committee made up of technical, 
business, academia, government and community experts who come together to 
debate how a product or system should perform and how it should be made. Before 
finalisation, every standard is subject to public comment to ensure everyone with an 
interest in the subject has the opportunity to have an input.” 
(http://www.standards.org.au/StandardsDevelopment/Developing_Standards/Pages/Australian-
Standards-Guiding-Principals.aspx, accessed 21st December 2014/, no page number). 
This would seem to be a fair and non-biased approach to developing a standard.  A 
review of some examples may reveal how theory works in practice for standards 
and codes. 
 Hypothesis 9 
Business corrupts the integrity of Standards or Codes. 
 Hypothesis 10 
The business of lighting can self-regulate and therefore does not require a separate 
standard to limit unwanted lighting effects. 
10.2 Industry representation on and response to Australian 
Standards and Codes 
 Example 1: LG/10 (AS4282) 
Representation on Australian Standards is usually by invitation and the selection of 
representation is meant to broadly represent a cross-section of society relevant to 
the particular Standard being developed (refer section 6.4.3).  The Standard is also 
required to deliver a net benefit to the community. 
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Unfortunately considerable pressure was brought to bear by manufacturers who 
were trying to prevent the emergence of any standard that imposed additional 
conditions and rigour relating to outdoor lighting design.  At that time not many of 
the main manufacturers retained asymmetric beam distribution floodlights generally 
in their Australian range of products although their overseas parent companies had 
some product in their respective product ranges. 
The convenor of LG/10, Dr Alec Fisher, had indicated that it had been a battle to 
minimise undue influence of lighting manufacturer’s on the development of LG/10.  
According to Dr Fisher, the original proposal was for a single set of limiting criteria 
on obtrusive light and the reason that the two tier system (pre-curfew and post-
curfew) exists in AS4282 was to appease the lighting industry by allowing higher 
limits prior to curfew. 
 Example 2: National Construction Code and photo-luminescent exit 
signs 
The Council of Australian Governments (COAG) incorporated all on-site 
construction requirements into a single code, the National Construction Code 
(NCC).  The NCC is a joint initiative of all three levels of government in Australia, 
first signed by the Commonwealth, States and Territories on 1 March 1994 and a 
new inter-government agreement was signed with effect from 30 April 2012. 
The stated mission is “…to address issues of safety and health, amenity and 
sustainability in the design, construction and performance of buildings.” 
(http://www.abcb.gov.au/about-the-national-construction-code.aspx). 
In July 2013 The Lighting Council of Australia circulated to industry the Australian 
Building Code Board’s (ABCB) proposed amendment to the NCC (E4.8) for 2014 
indicating the acceptance of photo-luminescent exit signs as a direct replacement 
for internally and externally illuminated exit signs.  The minimum lighting 
performance required of exit signs is stated in AS 2293.3-2005 Emergency escape 
lighting and exit signs for buildings – Emergency escape and exit signs; criteria that 
the proposed photo-luminescent exit signs did not meet. 
The inaccuracy of the manufacturer’s claims, the difficulty making sure that tenants 
or building owners ensure the adjacent luminaire to the photo-luminescent sign was 
not switched off for whatever reason during critical times and thereby not charging 
the photo-luminescent material adequately seemed to be ignored.  Dr Gordon 
Watson, whose doctoral studies related to AS2293 (emergency lighting), identified 
major deficiencies and therefore safety concerns about the products.  Building 
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services consultants and manufacturers of emergency luminaires recommended 
against acceptance of the photo-luminescent exit sign substitution. 
For some time prior to this notification, manufacturers of such product were active in 
architectural practices and engineering companies marketing strongly the benefits, 
particularly energy efficiency; a claim, that is, questionable.  The following is typical 
technical advice provided by a photo-luminescent product manufacturer: 
“… strips require charging, so for the applications mentioned the room lights have to 
be on all the time, for at least 10 minutes per hour, for one hour every six hours or a 
schedule that we can recommend.” 
Apparently photo-luminescent exit sign product was already approved for use in 
New Zealand.  Despite the very sound technical and practical concerns raised, the 
ABCB provided approval for photo-luminescent exit signs as a direct replacement 
for internally and externally illuminated exit signs in 2014.  Currently, development 
companies only want to use photo-luminescent exit signs but require engineers and 
others to sign for all legal responsibility for their use on their projects.  Has the drive 
to show ‘sustainability in design’ excluded safety in design and practical advice from 
some very experienced and knowledgeable people? 
 Example 3: Major billboards 
Major billboards are mostly located in clear view of main transport corridors for 
maximum exposure, and are therefore covered by State Planning instruments (refer 
section 5.3.3) which indicate the requirements for each state.  Australian Standard 
AS 4282 – 1997 deferred action on this aspect to a later time (refer section 8.6.2.2).  
There is mounting international objection (International Dark-sky Association) 
particularly to LED billboards and for limits to be included in documents such as AS 
4282.  State Planning instruments (refer section 5.3.3) should at least be referenced 
in AS 4282. 
 Example 4: Media signage in Martin Place 
The City of Sydney strictly controls any signage facing Martin Place prohibiting 
unconditionally any moving signage.  However, Channel 7 television studio, corner 
of Martin Place and Castlereagh Street, was able to install the moving ‘ticker tape’ 
style news signage along both the Castlereagh and Martin Place frontages. 
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10.3 The introduction of MEPS verses industry self-regulation 
 Example 5:  The linear fluorescent lamp 
An example of the role of Minimum Energy Performance Standards is the 1200mm 
nominal length linear fluorescent lamp.  T8 halophosphate fluorescent lamps were 
cheaper than the triphosphour lamps, approximate before tax price of $2.00 for the 
former and $3.50 for the latter and rated the same at lamp 36 Watts.  Whilst the 
triphosphour lamps produced 10 to 15 percent more light and of higher colour 
rendition capability, a standard ceiling tile system provided very limited options on 
spacing variation such that there was only financial disadvantage using triphosphour 
lamps.  When combined with the sales tax system of the time (12.5% on 36W lamps 
and 22% on 58W lamps) the disadvantage increased until the introduction of the flat 
rate Goods and Services Tax. 
Industry self-regulation usually involves financial advantage even if indirectly, such 
as with Green Star which provides potentially greater marketability of premises and 
if a tenancy is leased one week or one month earlier than other properties then 
there is a significant financial advantage, hence self-regulating.  At the time there 
was no financial advantage to triphosphour lamps hence the MEPS approach 
became more effective at achieving Government energy reduction programmes.  
Once the MEPS were in place industry started reducing the lumen output as the 
original outputs favoured high European office lighting requirements but did not suit 
Australian less onerous requirements.  This provided lower power consumption with 
total lamp electronic control gear consumption going sufficiently below 36 Watts 
which further suited the wattage per square metre centric Green Star system and 
other ESD aspirations.  MEPS ensured T5 lamps were only produced with 
triphosphour technology. 
 Example 6:  Greenlight Australia 2010 
In 2010 a 2 day meeting (15th and 16th of March) was held in Canberra at the 
National Portrait Gallery with the Department of the Environment, Water, Heritage 
and the Arts as part of the Lighting Council Australia’s, Greenlight Australia, A 
strategy for improving the efficiency of lighting in Australia 2010 – 2020.  I attended 
as a representative of the Board of Directors of the Illuminating Engineering Society 
of Australia and New Zealand in capacity as Vice President.  The first day was 
dedicated to the domestic and commercial market and the second day was 
focussed on energy efficiency and ‘street lighting’. 
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The two days were like chalk and cheese.  The first day the Government and private 
consultant to the Government were fairly emphatic indicating that various things 
were going to happen using graphs and information to justify the decisions.  Whilst it 
was proposed to be a consultation with the lighting industry clearly decisions had 
already been made. 
The second day proved to be quite the opposite.  The day started with a 
presentation by Dr Alec Fisher indicating the energy efficiency of high pressure 
sodium lighting for road lighting design compared to mercury vapour and the various 
reasons why Australian Standard AS1158 ruled mercury vapour as no longer 
suitable as a light source for road lighting.  Whilst the Government started with the 
same approach as the previous day the representatives of the various energy 
authorities present wanted to know if the Government would purchase the existing 
stock of mercury vapour lamps and luminaires guestimated to be of significant value 
and until there was such an agreement the Authorities would continue the current 
practice regardless of Australian Standards etc.  The Government and consultants 
reaction was completely different and submissive indicating that they needed to 
meet and consider what had been said. 
A very interesting contrast:  significant industry bodies refusing to comply with an 
Australian Standard or with proposed MEPS based on the potential energy industry 
cost and loss of margin. 
10.4 Conclusion 
Whilst standards committees may consist of invited participants from technical, 
business, academia, government and community experts, not all invited 
organisations participate.  The initial planned balance of interests may become only 
a handful of participants from some sectors as everyone is expected to volunteer 
their time during normal business hours. 
Draft documents are usually circulated for public comment before finalisation, the 
intent of which is to ensure everyone has had an opportunity to provide input.  There 
is supposed to be further consultation followed by any necessary amendment and 
not the kind of procedure that the example in 10.2.2 above appears to have been. 
Unfortunately, with the best of intentions for standards and codes to be formed by a 
process on informed debate from a cross-section of the community, resolution and 
processes can be skewed by various means. 
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The null hypothesis (9) is that business does not corrupt the integrity of Standards 
or Codes.  According to the Macquarie Study Dictionary integrity means: 
1. Honesty, uprightness; 
2. The condition of being whole; 
3. Perfect condition. 
Corrupt has a number of meanings associated with dishonesty and bribery but it can 
also mean: 
1. Inaccurate; containing mistakes or changes; 
2. To change for the worse; debase. 
The null hypothesis is that business does not seek to change or debase the 
conditions a standard or code provides for the benefit of the greater community just 
to prevent the sale of associated product and services being negatively impacted. 
The above indicates that: 
 Industry first sought to prevent the emergence of a standard on obtrusive 
light then intervened to modify the proposed limiting values; 
 It is not clear the effect industry had on the inclusion of photo-luminescent 
exit sign replacement in the National Construction Code 2014; 
 Major billboards are currently excluded from AS4282-1997 although covered 
by separate planning instruments; 
 Television Channel 7 news studios in Martin Place, Sydney, were able to 
install and operate moving LED signage.  The City of Sydney Council 
normally prohibits the use of any moving light signage fronting Martin Place; 
 At the 2010 Greenlight conference the energy supply authorities present 
indicated clear disregard for Australian Standard AS 1158 (2005) banning of 
mercury vapour high intensity discharge lamps for road lighting and required 
to know if the Federal Government was going to reimburse them for current 
assets and stock of mercury vapour lamps. 
The above provides instances where industry has manipulated, modified and also 
refused to abide by Australian Standards.  The question arises as to how much of 
that can be excused under the umbrella of greater community good – industry being 
part of the greater community?  What is the degree industry can modify conditions 
before the line is crossed and interpreted as undue influence? 
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On the basis of the definition of the null hypothesis and the examples cited, 
business has unduly influenced Standards or Codes and therefore the null 
hypothesis is not proven beyond doubt, ergo, the hypothesis holds. 
The null hypothesis (10) is that the business of lighting cannot self-regulate and 
therefore requires a separate standard to limit unwanted lighting effects. 
Minimum Energy Performance Standards (MEPS) were introduced in relation to 
linear fluorescent lamps and that is the only method by which the energy efficiency 
of triphosphour lamps became the standard.  As indicated in 10.3.1, halophosphate 
linear fluorescent lamps continued to dominate the market based on the financial 
advantage provided at initial purchase.  The higher lumen output for equivalent lamp 
wattage of the triphosphour linear fluorescent provided little advantage within the 
Australian standard office scenario where 320 lux maintained was the minimum 
average requirement compared to the much higher requirements in Europe where 
the majority of the triphosphour fluorescent lamp market existed. 
Once energy became the focus, the characteristics of the electronic ballasts 
operating T8 lamps were changed to lower both the total power consumption and 
the lumen output to the advantage of markets such as Australia.  A combination of 
the Goods and Services Tax flat rate 10 percent across both 1200mm and 1500mm 
nominal length fluorescent lamps, the high efficiency / high output combination T5 
technology and Green Star (refer section 6.4.1) provided sufficient financial 
advantage for a change in design and purchasing behaviour of linear fluorescent 
lamp technology and luminaires. 
The blueish-white characteristic of much LED product is well known and the 
negative effects of the strong blue component on health and the environment are 
being revealed, however, even energy authorities such as the U.S. Department of 
Energy (U.S. Department of Energy 2010, p1,  and noted in section 5.7.2.5 above) indicated that 
it did not want to discriminate against high blue content LED (6500K) as “… a 
restriction on spectral content would currently prevent the use of more efficient light 
sources, with clear implications in terms of pollution from electricity production.”  If 
Authorities are not prepared to acknowledge the potential dangers of high blue 
content white light LED or even indicate a preference for 2700 to 3000K white LED 
light there is no financial incentive for the lighting industry to self-regulate hence the 
installation of inappropriate blue-white LED even in environmentally sensitive areas 
such as Port Botany Penrhyn Estuary (refer Figure 9.12). 
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In addition, there were the attempts for the lighting industry to suppress AS4282, 
and failing that, have the limiting criteria changed more in its favour (refer 10.2.1). 
There is insufficient volume of evidence in this chapter to substantiate the null 
hypothesis, but sufficient to indicate support for the null hypothesis, that is, the 
business of lighting cannot self-regulate and therefore requires a separate standard 
to limit unwanted lighting effects. 
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11 Potential criteria for reducing unwanted light at night 
11.1 Introduction 
Australian Standards are recommendations that only become mandatory if 
referenced in legislation.  Australian Standard AS4282 – 1997 Control of the 
obtrusive effects of outdoor lighting, has not been referenced in legislation 
although it has been an instrument that has improved the practice of outdoor 
lighting as many more asymmetric light distribution type floodlights are used today 
than previously in the late 1980’s reducing direct light into the atmosphere, light 
spill and glare.  However, the Standard is long overdue for revision.  The initial 
development of AS4282 was in response to a need to limit unwanted lighting 
effects from backyard tennis courts and local sports fields (refer section 8.2).  
Development of AS4282 met with some resistance (refer sections 8.8 and 8.9).  
Many applications were excluded from AS4282 – 1997 Control of the obtrusive 
effects of outdoor lighting to ensure the birth of this nascent world first national 
standard. 
AS4282 is now accepted and often applied to applications that were not initially 
contemplated and that includes some of the applications that are currently 
specifically exempt; however, clients often request compliance with this Standard.  
Also, computer software has developed (refer section 8.8) to incorporate AS4282 
compliance subroutines and resistance to the use of AS4282 has dwindled. 
Our understanding of the interconnectedness of life increases (refer Chapter 1) 
and our understanding of the effects of light on human health is expanding (refer 
sections 5.7.2.4 and 5.7.2.5), the unwanted effects of light at night is becoming 
more of an issue.  Clearly, biota perceives radiant energy a little differently to the 
human visual system (refer Chapters 1 and 4) and this may ultimately effect the 
environment in which we live although the impact on any one species and the 
environment as a whole is not really known at this time with only a few exceptions. 
Nineteen years since the introduction of AS4282 have seen new technologies 
emerge, attention to human health issues broaden and information on a diversity 
of topics become more readily available with proliferation of the internet.  Also, the 
expectations for control of light pollution have increased with a variety of interest 
groups (refer sections 6.4 and 6.5) applying pressure for change in lighting 
practice, all of which means it is time to revise the Standard to align it with other 
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publications in the World and to further investigate and push the boundaries to 
improve outdoor lighting standards of practice. 
11.2 Incorporating more recent information from World sources 
Since the official launch of Australian Standard AS4282 – 1997 Control of the 
obtrusive effects of outdoor lighting, there have been four other documents dealing 
with the same issues, namely, the revised CIE 150 Guide on the Limitation of the 
Effects of Obtrusive Light from Outdoor Lighting Installations (refer section 8.10), 
the Model Lighting Ordinance of the IESNA and IDA (refer section 8.11), the ILP 
Guidance Notes for the Reduction of Obtrusive Light GN01:2011 and the Temple 
Report (refer section 8.12). 
Some aspects of these more recent documents should be included in any revision 
of AS4282 making it more aligned with current international practice.  Revision of 
AS4282 should; 
i. Have at least one additional ambient lighting zone added to recognise 
intrinsically dark areas that should remain dark; and, 
ii. Limiting values should be reviewed as to relevance with a view to further 
reduction; and, 
iii. Limiting the overall contribution to the ambient environment from any one 
project to being no worse than the existing but preferably less polluting, 
particularly where an existing venue and the associated lighting is replaced 
or upgraded. 
There is, however, a fundamental difference between AS4282 and documents 
such as the Model Lighting Ordinance.  AS4282 applies to a venue and the effect 
the proposed installation has on the surrounding area.  Each project is assessed 
independently of the existing ambient light in the neighbourhood. 
The Model Lighting Ordinance sets target criteria for planning zones, the 
characteristics of any project are assessed in combination with the ambient 
lighting, that is with all lighting in that zone compared to the zone lighting criteria 
targets.  When combined the results cannot exceed the planning criteria.  Hence, if 
the ambient light in the zone already exceeds the planning targets then new 
projects cannot contribute anything further to the environment; the object being to 
have each zone perform as per the classification proceeding into the future, 
consequently an area that currently has a lot of light pollution is gradually reduced 
over time to the zone target criteria. 
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Conceivably the Australian Standard AS4282 method could continue to add 
incrementally to the overall effect on the environment even though each project 
complies to current criteria which would mean the zone ambience could continue 
to rise and eventually change the characteristics of the area to a more light 
polluted neighbourhood.  This would most apply to sky glow effects (refer section 
4.7), therefore the need to apply item (iii) as noted above. 
Interestingly, some larger projects in Australia (refer sections 9.8.3 and 9.8.4) have 
required that the direct lighting effects of the proposed development be assessed 
as well as the combined effect of existing ambient conditions and the proposed 
development, that is, the cumulative effect.  The expectation on larger projects is 
already similar to the Model Lighting Ordinance although no current target criteria 
are defined. 
11.3 Recognising the direct effect on the biosphere and therefore 
indirectly the potential effect on humans 
Australian Standard AS4282 – 1997 Control of the obtrusive effects of outdoor 
lighting addresses unwanted lighting aspects related to human beings.  However, 
as the only Australian Standard directly addressing issues associated with 
unwanted outdoor light at night, AS4282 needs to also recognise the direct effect 
of unwanted outdoor light at night on the biosphere because those aspects may 
cascade and thereby indirectly effect the human environment longer term. 
The effect of light on biota of the natural World is noted in sections 1.4, 1.5, 1.6 
and 4.2.  The challenge is recognising and acknowledging that, unlike the effect of 
light spilling into a bedroom window, the effects on our environment may be 
delayed by some considerable time period before it is noticed by humans.  Unlike 
switching off a light and having immediate relief from the light entering a bedroom 
window, the dwindling of species numbers and the extinction of species cannot be 
reversed instantly.  Section 9.4 Biosphere II experiment provides a clear example 
of cascade effects that ultimately led to an environment becoming uninhabitable by 
humans.  The Biosphere II incident provides a clear example of the potential 
challenge and significant part that seemingly small factors and their 
interconnectedness can play in the health of the human environment. 
With the advantages and disadvantages of new lighting technologies such as LED 
and increasing knowledge of factors associated with lighting that can effect human 
health (refer sections 5.7.2.4 and 5.7.2.5) and the environment generally (refer 
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sections 1.4, 1.5, 1.6 and 4.2), it is important to include the effects of artificial light 
at night on the biosphere into any AS4282 revision. 
11.4 Benchmark nocturnal criteria 
Prior to the development of AS4282 there was not a significant amount of 
information available to provide Authorities guidance on limits to apply to light 
spill.  Skokie County (USA, refer section 8.2) used moonlight as the benchmark.  
Full moon moonlight occurs for approximately 1 to 2 hours every 28 days 
assuming no cloud cover.  The current minimum value in AS4282 for sensitive 
areas adjacent hospitals etc. is 1 lux at the window and can continue throughout 
the night.  There is a noticeable difference between 1 lux compared to light from 
the full moon, plus the timing, quantity and characteristics are continuous, not 
changing and cyclical as with natural lighting. 
From an environmental aspect moonlight appears for only part of a Synodic 
month, the timing on any one night and the apparent brightness depends on a 
number of factors (refer Figure 2.14).  Therefore, if natural night-time lighting is 
to be a benchmark it is unreasonable to take the value that only occurs 1 to 2 
hours every 28 days (i.e. full moon) or to take the average between full 
moonlight (plus starlight) and new moon which is only starlight because that 
does not consider the time element (refer Figures 2.5 and 2.6).  The period of 
exposure to various conditions is an important aspect of biological processes.  
Averaging the time in a Synodic month so that 50 percent of the time exceeds a 
particular value and 50 percent of the time lighting is below a particular value 
suggests that the appropriate benchmark for horizontal illuminance (Eh) should 
be ≤ 0.025 lux. 
It would also be appropriate as starlight is approximately a factor of 10 less and 
full moonlight is approximately a factor of 10 greater.  A factor of 10 is a 
noticeable difference. 
11.5 Direct scalar ratio 
As the population grows (refer Chapter 5) and outdoor electric lighting 
proliferates (refer Chapters 3 and 5) there is highly likely to be an increase in 
ambient light at night in some cities and locations.  Crypsis, as a survival 
technique, that is the ability to stay camouflaged (refer Figures 9.1 and 9.2) 
may be compromised by both the spectral composition of artificial light at night 
compared to natural lighting and also by the direction of the light.  Light with a 
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strong vertical component relative to the horizontal may be far more revealing 
of the three dimensional character of various biota emphasising shade and 
shadow therefore revealing the presence of various individuals more readily.  
Whilst this also occurs in nature (refer Figure 2.10) the characteristics change 
throughout any one night and during any Synodic month which means biota 
adopt patterns of behaviour to accommodate their greatest chance of survival 
whereas artificial light provides a fixed relationship for the extent of time that it 
operates.  Therefore, taking the worst case scenario from moonlight (refer 
Figure 2.10(a)) the ratio of illuminance in a plane perpendicular to a direct line-
of-sight to the light source(s) compared to the illuminance on a horizontal 
plane (Epp:Eh) is recommended to be ≤ 2.  This is important for environmentally 
sensitive areas and the areas bordering those sensitive zones. 
11.6 Colour temperature and spectral composition 
The colour temperature of moonlight generally is 4100 to 4150 K (refer section 
2.5.1) although when the moon rises in the evening and is close to the horizon 
the appearance of the moon can seem to be considerably warmer. 
The spectral composition of natural light does not significantly change in the low 
end of the visual spectrum from sunset through to sunrise (refer Figure 2.11) 
which means biota is adapted to these conditions.  Artificial light however, can 
have large energy peaks in this region of the spectrum and this is particularly 
relevant to high colour temperature LED technology that currently exhibits a 
large blue zone energy spike.  This was a characteristic of LED generally in the 
early development of the technology to achieve the greatest luminous efficacy, 
however, more recent development in LED technology is improving the luminous 
efficacy of warmer colour temperature LED so that it is now within 5 to 10 
percent of the flux of the higher colour temperature LED.  This is achieved 
without the large blue energy spike which is detrimental to human health (refer 
section 5.7.2) and also detrimental to biota. 
Therefore artificial lighting relative spectral radiance ratios below 500nm should 
be similar to moonlight particularly in the 400 to 480nm band.  Currently with 
LED technology that requires limiting outdoor lighting colour temperature to be 
equal to or less than 3000K.  This is important where endangered species exist, 
therefore the use of particular approved spectral composition outdoor lighting is 
recommended in or adjacent to environmentally sensitive areas and currently an 
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ideal target would be 3000K although 4000K would be acceptable providing it 
was achieved with a reduced blue energy spike compared to current 4000K LED 
technology. 
11.7 Sky glow 
Sky glow is an increase in ambient light resulting from light reflection, refraction 
and scattering of molecules and aerosols in the atmosphere (refer section 4.7).  
Sky glow and theoretical models to predict sky glow have to date been primarily 
driven by the astronomical community as the increasing sky glow from distant 
cities effect astronomical observation from ground based observatories interested 
in radiation spectrum that includes the human visual spectrum. 
Sky glow includes direct light into the atmosphere and reflection of light from all 
surfaces of diverse characteristics into the atmosphere.  Australian Standard 
AS4282 – 1997 Control of the obtrusive effects of outdoor lighting addresses direct 
unwanted lighting aspects of a proposed development and the immediately 
adjacent areas.  Environmentally sensitive areas tens of kilometres distant from a 
large proposed development or environmentally sensitive areas even further afield 
are probably best dealt with directly in an EIS investigation but a note of caution 
relating to very large projects could be added to AS4282. 
Where the effect of sky glow very close to the proposed development is required 
(refer section 4.7.1) the main mechanism involved is likely to be Rayleigh 
scattering, it is likely to involve direct light into the atmosphere (refer Figure 4.7a) 
and it is likely to involve more of the blue end of the spectrum which is an 
additional concern with blue-rich LED light sources.  Clouds or very moist air will 
influence sky glow (refer section 4.7.2.2) particularly where the observation point is 
in close proximity to the proposed development. 
There currently is no known simple but accurate mathematical model with proven 
results for predicting sky glow effect in close proximity to a proposed development 
of small to medium size.  Sky glow is currently best addressed by precautionary 
notes and practical experience; larger projects warranting measurement of existing 
sky glow conditions as part of any investigation included in Environmental Impact 
Statement assessments.  A ‘large’ project cannot be defined solely in terms of area 
but rather should be defined in terms of total proposed lumens to be installed.  A 
project over a large area with individual light sources of small flux could have a 
similar environmental effect as a project of smaller area but individual light sources 
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having much greater flux.  In the absence of any current criterion indicating a 
suitable threshold value an outdoor floodlighting installation of a local sports field to 
100 lux minimum average maintained using 2kW metal halide floodlights with high 
utilisation and minimal light spill, plus some local car park lighting, is proposed as 
the threshold for proposed total lumens.  Total proposed installed lumens above 
that value to be classified as large projects for the purpose of sky glow 
assessment.  Using this example a proposed development total lumen package 
threshold value of 4 million lumens (4 m lm) would be appropriate. 
11.8 Switching and dimming control 
Artificial lighting is provided for the benefit of humans either directly or indirectly 
(refer Chapter 3 and Chapter 5).  With the attributes of new technologies such 
as LED, the potential for control of outdoor lighting is enhanced and offers 
greater diversity than in previous decades particularly when LED is combined 
with various electronic hardware and software options.  At times when there is 
very little to no human activity within or in close proximity to a venue, lighting 
should be substantially diminished or switched off as standard practice with 
exceptions subject to prior approval by Authorities. 
This should apply to all outdoor lighting including public area and road lighting.  
In 1985 arterial road A8, the Burnt Bridge Creek Deviation was opened 
connecting directly to Spit road as a shortcut between Condamine Street and 
Sydney Road, Balgowlah, New South Wales.  Road lighting was not installed 
but simply fenced on both sides despite there being road lighting on the roads 
connecting both ends of the Burnt Bridge Deviation. There was concern about 
increased road accidents due to lack of road lighting by some sectors of the 
lighting industry.  That sector of road remains unlit.  Some years later, late 1999, 
the M1 Southern Cross Drive, a major roadway, was upgraded between Botany 
Road and South Dowling Street.  Part of that works included removal of existing 
road lighting on the southern end where the roadway was fenced both sides and 
there were no intersections.  That sector of road remains unlit. 
In recent years, some parts of Europe, notably France and the United Kingdom 
have been step-dimming or switching off high intensity discharge road lighting 
during the early hours of the morning with mixed results indicating there is a 
trend to reduce unnecessary outdoor lighting at night. 
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Much controversy has occurred around the world about the effectiveness of 
lighting to ‘prevent’ crime (refer section 5.6).  The controversy is on-going 
although it seems to now be generally agreed that lighting may reduce the ‘fear’ 
of crime.  With current LED technology there is both electronic hardware and 
software available to negate the need for outdoor electric lighting throughout the 
night which may help reduce the fear of crime. 
Organisations such as the International Dark-sky Association (IDA – refer 
section 6.5.1) in the United States with representatives in Australia plus also the 
Loss of Night Network (LoNNe – refer section 6.5.2) in Germany promote good 
lighting practice and the absence of unnecessary light at night.  These 
organisations show information both technical and anecdotal on their websites 
about success in reducing light pollution which includes better control and 
curfews occurring as the result of public pressure to address issues of light 
pollution. 
The examples above indicate Australia should also diminish or switch off 
outdoor lighting when not being used to facilitate human activity as standard 
practice. 
11.9 Special events 
It is assumed that a special event involving outdoor lighting in any one area 
occurs no more than once every 4 weeks and not regularly every 4 weeks.  
Therefore a bench mark for special events could be similar to the occurrence of 
full moon once every Synodic month.  Hence for one night with a curfew of 0100 
hours, the maximum permissible horizontal light spill could be increased to 0.27 
lux (EhXevent).  If the event venue is in or adjacent an otherwise environmentally 
sensitive dark zone then the event should not coincide with new moon or a 
period 7 days either before or after full moon (refer Figure 2.5) to minimise 
disruption to feeding and or breeding cycles (refer 4.2.4). 
11.10 Migratory species 
In areas known or found to involve feeding areas for migratory species and/or 
nesting areas or birthing areas of vulnerable or endangered species, curfews 
should apply preventing the use of artificial lighting during those periods of the 
year unless the lighting spectral content only consists of spectra known not to 
effect those species.  Also it is known that the proposed lighting is below 
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thresholds known to effect the behaviour of those species.  An example would 
be loggerhead marine turtles and the use of light in the orange red end of the 
spectrum during nesting/egg laying and turtle hatching season (refer Figure 
1.15). 
11.11 Shielding 
The brightness of an energised luminaire can provide wrong information to the 
newly born, recently hatched or fledgling young of many species by providing 
mis-orientation signals leading to exhaustion by mis-direction, leading to mis-
adventure and extra exposure to predators and other hazards.  Phototropic 
species such as insects and some birds can be drawn to and entrapped in the 
vicinity of artificial lighting. 
Some species of biota are photophobic and avoid light so that a line of road 
lighting erected between their roosting area and the area that would normally be 
their hunting/food source collection area can become a barrier.  Therefore, in or 
adjacent environmentally sensitive and/or dark areas, shielding should be 
provided to eliminate direct view of luminaires and light sources as much as 
possible. 
11.12 Colour changing and multi-colour 
Multi-colour and colour changing lighting should not be permitted in or adjacent 
environmentally sensitive areas except with the approval of Authorities and in 
strict compliance with those conditions of approval including duration and time of 
use. 
11.13 No direct upward light 
The current Australian Standard AS4282 – 1997 Control of the obtrusive effects 
of outdoor lighting, exempts external building floodlighting from compliance with 
AS4282 but notes that that exemption may be subject to future reassessment 
and revision. 
However, projects often require compliance with Green Building Council (GBC) 
requirements (refer section 6.4.1) for maximum GBC star rating for future 
marketability of the venue.  One of the aspects that can gain credit points 
towards that rating is providing no upward light to the outdoor area of a proposed 
venue or façade.  The recommendation has been adopted directly from the 
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International Dark-sky Association.  Therefore by default, some projects are 
already required to prove compliance with this criterion which offers no 
exceptions for direct upward light contained to only the surface(s) of the target 
object. 
Existing floodlights at floodlit venues in some parts of Europe have been retro-
fitted with bespoke cut-out profile masking devices to eliminate direct upward 
light missing the building or object being featured, thereby significantly reducing 
existing sky-glow and light pollution.  These profiles and the success of the 
program was presented at the Artificial Light At Night (ALAN) conference in 
Leicester, September 2014.  Similar principles should be applied to new 
proposals, no direct light to bypass the intended target with onus on the 
proponent to prove that performance by demonstration before approval is 
granted. 
11.14 Advertising signage 
Currently advertising signage (refer section 5.3.3) is separately addressed by 
State Government departments associated with planning and transport 
infrastructure because most signage relates to transport corridors and involves 
issues such as context to location, public benefit, as well as road safety.  The 
documents in some States are more advanced than others particularly when it 
involves LED and LCD signage.  South Australia currently addresses the 
technologies most comprehensively (refer section 5.3.3.4).  Adaptive dimming is 
a requirement, that is, automatic adjustment from daytime to night-time 
conditions.  Also scrolling, moving, rotating, flashing, fade, and fly-in is not 
permitted as these effects are considered too distracting to drivers.  These 
criteria should be adopted in all states. 
Floodlit signage should be subject to the same criteria as noted in other sections 
of this chapter, that is, no direct light past the intended target surface and shield 
to be provided to luminaires plus switch-off when there is little advertising human 
target market available.  Extinguish no later than mid-night, perhaps a little 
earlier during the week and a little later on Friday and Saturday nights in central 
business districts of major cities. 
Therefore the recommendation is to remove exemptions currently applicable to 
advertising signage.  The Australian Standard AS4282 should be revised to 
include some of the above material into AS4282. 
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11.15 Multi-media facades 
Multi-media facades (refer section 5.4.1) are blurring the boundary between art, 
advertising, information display and gaming.  Some large multi-media facades 
are being used as advertising on some venues around the World and some are 
designed to be interactive displays.  The recommendation is to remove 
exemptions currently applicable to advertising signage inclusive of multi-media 
facades and consider many of the issues raised in the above sections of this 
chapter as being applicable to this source of artificial light at night. 
11.16 Road lighting and outdoor public spaces 
The current Australian Standard AS4282 – 1997 Control of the obtrusive effects 
of outdoor lighting, exempts road lighting from compliance with AS4282 but 
notes that that exemption may be subject to future reassessment and revision. 
However, recent large infrastructure project briefs by Authorities have stipulated 
that compliance with Infrastructure Council of Australia requirements is required 
(refer section 6.4.2).  The Infrastructure Council of Australia adopts the 
International Dark-sky Association criterion for no direct light above the 
horizontal. 
As new technologies such as LED provide greater lighting control and as other 
organisations are requiring control of environmental light pollution it is time to 
challenge the AS4282 exemptions currently applied to road and public area 
lighting. 
11.17 Conclusion 
The expectation for minimising unwanted lighting effects from outdoor lighting at 
night has changed since Australian Standard AS4282 – 1997 Control of the 
obtrusive effects of outdoor lighting became a World first national lighting standard.  
An Australian Standard has to show public benefit which the current version of 
AS4282 provides in terms of immediate public benefit.  However, taking a long 
term view requires adoption of further criteria into the Standard.  The 
environmental conditions necessary for human survival is dependent on the 
interconnectedness of a multitude of natural world relationships as clearly 
demonstrated by the Biosphere II experiment.  Therefore, protecting the 
environment and biota therein from unnecessary lighting effects at night from 
outdoor lighting long term is ultimately to the public’s benefit. 
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Commercial forces (refer Chapter 10) tend to be concerned with immediate effects 
on existing trade rather than change offering a potential for new business.  
Commercial forces will be an integral part of any revision to Australian Standard 
AS4282 – 1997 Control of the obtrusive effects of outdoor lighting which will be a 
challenge when considering the vital longer term public benefits of changing the 
current version of AS4282.  There is considerable scope for improvement of 
current criteria and thresholds for the benefit of all as discussed in this chapter. 
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Conclusion 
Despite records from the early 19th century indicating the deaths of large numbers 
of migratory birds, it wasn’t until the latter part of the 20th century that the unwanted 
effects of artificial light at night became an issue of concern for science and 
business. 
Artificial light at night is a human need.  “… if human vision were not so 
anatomically diurnal, artificial lighting would not be necessary.” (Beier, 2006, p20).  
Human vision is limited by the photon capture by long, medium and short cone 
opsin as well as melanopsin and the photoreceptor retinal circuitry of the eye.  
When the ambient light drops below certain thresholds it takes longer and longer to 
adapt to the lower ambient conditions until it is no longer possible for humans to 
see in some night-time conditions. 
The natural diurnal ambient light cycle varies from 105 lux in sunlight under a clear 
sky to less than 10-3 lux during a new moon when there is only starlight.  Natural 
nocturnal light conditions vary according to latitude, to season and to weather.  
Natural nocturnal lighting is not relatively static but constantly changing.  There is 
constant change in: 
 The horizontal illuminance (Eh) of moonlight; 
 Illuminance in a plane perpendicular to the direct line-of-sight with the 
moon (Epp); 
 The ratio Epp:Eh; 
 The direction and quantity of light providing 3 dimensional depth and 
camouflage effectiveness; 
 Moon phase; 
 Moon luminance; 
 The spectral characteristics of available light; 
 Light polarisation patterns; and 
 Light polarisation pattern movement. 
Lux is a unit of light defined by the photometric system which is a conversion of 
radiometric absolute units via a defined bell curve function.  The bell curve function 
represents an agreed human visual systems photopic response to different 
wavelengths of energy in the range 380 to 780 nanometres and therefore only 
applies where radiant energy is being measured relative to human beings. 
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The majority of biota on Earth responds differently than humans to radiant energy, 
as the range of wavelengths that various biota respond to can be greater and more 
diverse with sensitivities in both the infra-red and the blue to ultra-violet.  In 
addition, the threshold sensitivity of various biota can be considerably different 
than human thresholds in similar circumstances.  Also, some biota can detect light 
polarisation and use that information to navigate. 
Human beings are multicellular organisms, a small part of the animal kingdom and 
a Eukaryote.  Eukaryotes, whilst large in size physically (plants, animals and 
fungi), they represent a minority in biomass of all living organisms on Earth.  The 
majority of biota on Earth is single celled organisms, which are Prokaryotes.  
However, the human use of artificial light at night outdoors is increasing and 
affecting Prokaryotes, other Eukaryotes and human beings. 
Man-made, or artificial light, has only become significant in Australia in relatively 
recent history.  Oil lamps and gas lanterns and also early electric lighting were 
limited both by the technology and the distribution infrastructure costs and 
maintenance to provide the energy to those light sources.  Once alternating current 
electricity technology developed the tyranny of distance was much less of an 
obstacle to provide energy in a method more convenient to consumers.  Social 
development along with population increase combined with technological 
developments in lighting and television plus increased affluence and lifestyle 
aspirations has seen an increased use of outdoor floodlighting across a diversity of 
venues from back yards to major venues to accommodate consumer demand. 
The development of the motor vehicle, the greater affordability of a motor vehicle 
in recent decades and the expansion of populations when combined with the ease 
of distribution of electric power over significant distances has seen a rapid 
expansion of street and road lighting.  The discovery of underground reserves of 
oil and gas has fuelled that dramatic increase in motor vehicle numbers providing 
easy mobility for people to attend lit night-time venues whether for shopping or 
social activities.  To support the increased activity and change in life patterns more 
24 hour industrial operations have developed. 
Electric light has influenced commerce, travel, provided a sense of safety at night, 
increased social activities, sport, art, religion and also affected health.  Whilst 
electric light in some applications has been found to have beneficial effects on 
human health, it also more recently has been linked to increased risk of 
detrimental health effects for others. 
 
Unwanted lighting effects at night in Australia 
291 
In the early 1970’s professional astronomers started to note the effect of urban 
sprawl on professional telescope effectiveness due to light scatter in the 
atmosphere particularly from public lighting.  Initially the concern related to Mt 
Stromlo Observatory in the ACT, however, concern grew for Siding Spring 
Observatory in the Warrumbungle Mountains near Coonabarabran in New South 
Wales.  Professional telescopes are very expensive assets and often involve inter-
government agreements.  Article 19 of the Schedule to the Anglo-Australian 
Telescope Agreement Act of 1970 led to the development of the Orana Regional 
Development Plan No 1, enacted by the Minister for Planning for the State of New 
South Wales, May 31st, 1990, to protect Siding Spring Observatory against 
unwanted light at night particularly in the form of sky glow.  Apart from 
philanthropic aspects, such as, ‘everyone has the right to see stars at night’, 
astronomy is also a business both professionally and commercially with supply to 
those that have astronomy as a hobby.  A nascent International Dark-sky 
Association (IDA) started in the United States in1988 dominated by astronomers: 
professional, academic and amateur, whose initial objectives were to arrest the 
rapidly diminishing dark night sky.  The IDA actively lobbied Governments and 
administrative bodies and this also occurred in Australia.  The IDA encouraged 
other local lobby groups to act, all of which became much easier with the 
development and expansion of internet communications. 
Unwanted lighting effects at night did not only relate to Astronomers and sky glow 
but also to transport safety, particularly aircraft during the crucial landing process.  
Air travel rapidly increased requiring airports to operate at night.  Other forms of 
transport also had unwanted lighting effects at night mostly associated with glare 
and visibility of signal systems. 
Increased social activity and sports in the late 1970’s through to the mid 1980’s, 
developments in high intensity discharge lighting technologies, plus Australia’s 
fondness for sport and being recognised as a sporting nation, saw a boom in 
outdoor sports lighting from fully professional television broadcast facilities to 
recreational sports fields to backyard tennis courts.  Luxuries such as motor 
vehicles and backyard tennis courts were becoming more affordable but nuisance 
and complaints from such facilities were escalating.  There were no formal 
instruments or standards that Local Government could use to limit values in 
assessments or measurement of proposals or developments. 
Following a national conference in 1981, the Illuminating Engineering Society of 
Australia and New Zealand Inc., requested Standards Association of Australia 
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proceed to develop a standard.  There is evidence that the following were involved: 
the IESANZ Inc., (Illuminating Engineering Society of Australia and New Zealand 
Incorporated), AEEMA (Australian Electrical and Electronic Manufacturers' 
Association representing lighting manufacturers – now the lighting industry is 
represented by The Lighting Council), ACEA (Association of Consulting Engineers 
Australia – now known as Consult Australia), Sydney County Council – now known 
as Energy Australia, the Astronomy Association of Australia, and the Local 
Government and Shires Association. 
Rather than simply be a series of diagrams and general text it was decided that the 
new standard should have limiting values with reduced or degraded amenity being 
the trigger for applying obtrusive light restrictions. A draft standard, DR91098, The 
Environmental Impacts of Outdoor Lighting, was issued for public review in May 
1991 and a further draft standard DR93121, The Environmental Impacts of 
Outdoor Lighting, was issued for public review June 1993 which had revised two 
tier limiting values for Tables 2.1 and 2.2 to appease the original disquiet of the 
local lighting industry.  The term ‘obtrusive light’ was adopted from earlier work by 
Shotbolt and Julian presented at the 6th Lux Europa in Hungary in 1989 and 
became part of the Standard, AS4282 – 1997 Control of the obtrusive effects of 
outdoor lighting. 
Convenor of LG/10, Dr Alec Fisher, indicated via interview, that during his career in 
lighting both in Australia and internationally with the CIE, the development of 
AS4282 had been by far the most challenging.  The astronomy industry indicating 
that the limitations in AS4282 were insufficient and the local lighting industry 
indicating that it was far too difficult and restrictive.  Often business has an initial 
negative reaction to anything that threatens the status quo before realising the new 
business opportunities resulting from the changed conditions.  Business attempted 
to unduly influence the development of AS4282 showing no ability to self-regulate, 
emphasising the importance of having a separate standard to limit unwanted 
lighting effects at night. 
Being the first national standard on obtrusive light, having been based on research 
and having survived the gauntlet of the Australian Standards process, an essence 
of AS4282 was incorporated into the International Olympic Committee’s standard 
outdoor lighting specification prior to the Sydney 2000 Olympics (interview with 
IOC consultant David Lewis – refer Appendix D) and remains in that standard 
specification to date.  AS4282 was adopted in substantial portions directly into the 
international document CIE 150: 2003 Guide on the Limitation of the Effects of 
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Obtrusive Light from Outdoor Lighting Installations and continues in the current 
proposed revision. 
However, as indicated earlier, human beings are only a small fraction of life on 
planet Earth, but light provided for human activity is not only implicated in 
negatively impacting human health such as facilitating some cancers, elevated 
core body temperature and increased heart rate, and creating circumstances 
conducive to obesity, but unwanted outdoor light at night is having a significant 
effect on the environment.  In Australia, Federal and State legislation works in 
parallel to protect flora and fauna and also there are international agreements on 
migratory fauna that have to be complied with particularly in respect of 
environmental impact assessments resulting in an Environmental Impact 
Statement (EIS) or Environmental Effects Statement (EES) for any proposed 
development.  These statements usually involve studies of the proposed 
development site and the surrounding areas citing the existence of various species 
in the area and the likely impact that the proposed development may have on 
those species.  Triggers for an EIS include Ramsar wetlands, Commonwealth 
marine environments, migratory species, and threatened species listed under the 
Environment Protection and Biodiversity Conservation Act 1999 (EPBC Act). 
Inspection of the database listings for each species reveals that very little is known 
about the potential effect of ambient light at night on the majority of species with 
the exception of some marine turtles, and there is no information relating to flora.  
The few species listings, that mention light, indicate literally that night lighting can 
be one of a number of aspects that can cause disturbance by itself or in 
combination with noise etc., and seems to be the same comment almost ‘copy and 
paste’ wording for most migratory bird species information files. 
Attention appears to focus on biota of the vertebrate animal kingdom despite a 
number of studies illustrating the importance of seemingly less significant but more 
prolific biota such as invertebrates.  The overwhelming majority of species listed in 
the threatened species data base of the EPBC Act are vertebrates, with some 
invertebrates, however, there is an absence of information relating to Eukaryotes 
such as algae and to any Prokaryotes such as bacteria and viruses. 
The importance of understanding the eco-system and all of the inter-relationships 
is essential as indicated in standard text-book food webs and emphasised by the 
catastrophic failure of the Biosphere II experiment in 1993 in Tucson.  Interestingly, 
the results of a pilot study by Hölker et al presented at a conference in Leicester 
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(UK) in September 2014, on microbial diversity and biogeochemical processes in 
an aquatic environment, suggest artificial light at night may enhance carbon 
turnover at cold temperatures (4oC).  It therefore also suggests that seasonal 
variation in microbial communities (i.e. with naturally changing light and 
temperature conditions) may be reduced in aquatic sediments that are artificially lit 
which would apply to latitudes or climates where there are considerable 
summer/winter seasonal temperature differences tending to suspend activity in 
winter.  If future research confirms this to be a factor then the areas in Australia 
most likely to experience the closest winter conditions to Brandenburg in Germany 
are Tasmania and also regions such as the Snowy Mountains; artificial light at 
night outdoors in winter may have some beneficial environmental aspects. 
It would appear that the presence of species listed in the EPBC Act or one of the 
international migratory species agreements are triggers and primary drivers behind 
an EIS study.  Unfortunately, behavioural variation is an aspect that does not seem 
to receive much attention in Environmental Impact Statement studies.  Usually the 
known standard text on characteristics or behaviour is stated as being applicable 
to the particular species for the project location that is the subject of the 
investigation.  However, it is essential to apply both phylogeny and ontogeny 
(section 9.1.5) considerations before reaching conclusions about a species in a 
particular environment. 
The impacts of artificial lighting are primarily localised for some biota but this is not 
necessarily true for mobile and migratory species.  Artificial light has been shown 
to have both direct and indirect effects on biota although little is currently known 
about specific response thresholds and, further, it is not necessarily simply a 
response to light that determines a particular behaviour as light may be only one of 
the cues in a hierarchy that triggers that behaviour.  Therefore, there is insufficient 
evidence at this time to prove that there is no relationship between loss of species 
and change in ambient light caused by artificial lighting, however, the statement 
that change in ambient lighting conditions caused by artificial lighting results in loss 
of species is not proven either. 
In an EIS study the assessment of an existing environment prior to any proposed 
development proceeding is often based on a snapshot in time rather than 
establishing the constantly changing characteristics of that existing environment.  
With few exceptions, the null hypothesis that the characteristics of an existing 
environment or ‘control’ is assessed a number of times over several years before a 
development is proposed in a particular area is generally not true.  The exception 
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was the Green and Golden bell Frog and the Sydney Olympics 2000 project which 
illustrates that business and politics are important aspects of environmental issue 
resolution.  Unfortunately for the majority of projects the snapshot hypothesis 
holds. 
A cynical pro-development view could be that there always seems to be an 
unknown species of rare or threatened bat or similar, that materialises in a 
proposed development area and that the presence of that rare or endangered 
species will prevent a proposed development proceeding.  However, if the project 
is considered to be of strategic importance, similar to the expanded container 
terminal facilities in Port Botany, then with an appropriate mitigation plan a 
development may still proceed in the presence of rare, endangered or migratory 
species, hence, the presence of a rare, endangered or migratory species will not 
necessarily prevent a proposed development proceeding.  Port Botany is also a 
case study illustrating the inappropriate use of some new LED technology and the 
lack of criteria at the development application Environmental Impact Statement 
stage necessary to exclude that inappropriate use. 
Unwanted light at night for any species other than humans is not addressed by 
AS4282 – 1997 Control of the obtrusive effects of outdoor lighting, however, other 
organisations such as the International Dark-sky Association (IDA) have 
broadened their scope from simply focussing on astronomy to a range of sciences 
including ecology, biology, neuroscience and health to focus attention on issues 
relating to unwanted artificial light at night.  The Model Lighting Ordinance is a joint 
initiative of the IDA and the Illuminating Engineering Society of North America 
(IESNA) defining ambient light environment (Lighting Zones) target criteria with 
zero tolerance for direct light aimed above the horizontal.  Energy efficiency 
greenhouse gas emission reduction based organisations such as LEED and Green 
Star have adopted zero direct light above the horizontal into their schemes in 
addition to the various astronomy based organisations campaigning for strict 
outdoor lighting control. 
Unwanted light at night outdoors as an issue is gaining greater acceptance and a 
little less resistance than that experienced in the 1990’s when the first national 
standard, Australian Standard AS4282 – 1997 Control of the obtrusive effects of 
outdoor lighting experienced a painful birth.  Clearly, with the invention and 
proliferation of electricity, electric lighting and the motor car, unwanted outdoor 
artificial light at night in Australia is a growing issue; the extent of which and the 
effect is still being determined.  This is not only in urban areas but also in areas 
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that are seemingly remote though actually have a lot of night-time lighting 
associated with raw mineral, natural gas and oil export activities.  Standards and 
codes need to keep pace with emerging lighting technologies and the potential for 
harm to species and to the environment and address aspects such as blueish-
white light from LED and the negative impact that that may already be producing. 
Is the blue spike in blueish-white LED light and its environmentally negative effects 
really a suitable compromise as the US Department of Energy stated in 2010, that 
is, not to hinder the development and implementation of energy efficient sources 
with implications that that might have on reduction of pollution created by electricity 
production?  According to the IDA, rather than the anticipated reduction in 
electricity production and hence reduction in environmental pollution, there has 
been an increase in the application of LED negating any anticipated environmental 
gains by the increased use of more energy efficient blueish-white LED light.  Does 
a compromise achieve the desired objectives if all of the possible outcome 
permutations have not been considered? 
Compromise is often part of the process of establishing a Standard to gain the 
support of industry.  A Standard is different to legislation as Standards are only 
recommendations and not necessarily a mandatory requirement.  Industry can 
choose to ignore a Standard as illustrated by the Energy Authorities at the 
Greenlight Australia conference in 2010 refusing to comply with the requirements 
of AS 1158: 2005 re the removal of mercury vapour as an allowable road lighting 
light source (refer 10.3.2).  Industry will change the status quo if there is sufficient 
incentive regardless whether that incentive is generated by a scheme created by 
industry itself or a scheme generated and supported by Government.  Change 
without incentive requires legislation, that is, a mandatory compliance. 
Australian Standard AS4282 – 1997 Control of the obtrusive effects of outdoor 
lighting is long overdue for revision.  The Standard should consider the revised CIE 
150 Guide on the Limitation of the Effects of Obtrusive Light from Outdoor Lighting 
Installations, the Model Lighting Ordinance of the IESNA and IDA, and the ILP 
Guidance Notes for the Reduction of Obtrusive Light GN01:2011.  Aspects of 
these more recent documents should be included in any revision making AS4282 
more aligned with current international practice.  Revision of AS4282 should; 
i. Have at least one additional ambient lighting zone added to recognise 
intrinsically dark areas that should remain dark; 
 
Unwanted lighting effects at night in Australia 
297 
ii. Limiting values should be reviewed as to relevance with a view to further 
reduction; and, 
iii. Limit the overall contribution to the ambient environment from any one 
project to being no worse than the existing but preferably less polluting, 
particularly where an existing venue and the associated lighting is replaced 
or upgraded. 
Further, as the only Australian Standard addressing issues associated with 
unwanted outdoor light at night, AS4282 needs to recognise and accommodate the 
effect of unwanted outdoor light at night on the biosphere in addition to more 
immediate and direct human only requirements (refer Chapter 11).  With the 
advantages and disadvantages of new lighting technologies such as LED, AS4282 
should address: 
Light spill benchmarks particularly relating to darker 
zones.  Natural nocturnal criteria generally should be 
time related such that it is equivalent to moonlight 
illuminance on the horizontal that is only exceeded for 
50 percent of the time. 
Eh ≤ 0.025 lux 
The revealing power of artificial light adjacent 
environmentally sensitive zones where biota is exposed 
for prolonged periods of time. The ratio of illuminance 
in a plane perpendicular to a direct line-of-sight to the 
light source(s) compared to the illuminance on a 
horizontal plane 
Epp:Eh ≤ 2 
Outdoor lighting colour temperature ≤ 3000K 
Artificial lighting relative spectral radiance ratios below 
500nm to be similar to moonlight particularly in the 400 
to 480nm band 
No blue spike 
Where endangered species exist, the use of particular 
approved spectral composition outdoor lighting is 
required in or adjacent to environmentally sensitive 
areas. 
note 
Potential sky glow effects for large projects need to 
include site measurement of existing ambient 
A large project 
defined as having 
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environmental lighting as cumulative assessment.  
Smaller projects subject to a precautionary note and 
use of luminaires and installation design that complies 
with the other items noted in this conclusion.  
total flux > 4 M 
lumens 
Outdoor lighting that is not being used for human vision 
should be dimmed down and switched off as agreed 
with the Local Authorities.  If outdoor lighting is being 
used for human vision then the above criteria applies.   
Not in use = off 
An extraordinary temporary event:  if an extraordinary 
event does not occur more frequently than once per 
month the maximum permissible horizontal illuminance 
can be increased for a period no longer than 1 to 2 
hours per 4 weeks and not during new moon phase.  
Events occurring regularly irregularly to comply with 
permanent installation criteria. 
EhXevent ≤ 0.27 lux 
In areas known or found to involve migratory species 
and/or nesting areas or birthing areas of vulnerable or 
endangered species curfews to apply preventing the 
use of lighting during those periods of the year. 
Lights off curfew 
Shielding required of the direct view of luminaires and 
light sources in or adjacent to and visible from 
environmentally sensitive areas. 
note 
Multi-colour and colour changing lighting only with the 
approval of Authorities and in strict compliance with 
those conditions of approval. 
note 
Generally no upward directed light, however, with 
Authority approval of upward directed light, no direct 
light is to bypass the intended target with onus on the 
proponent to prove that performance by demonstration 
before approval is granted. 
note 
Remove exemptions currently applicable to advertising 
signage and equivalent multi-media facades and road 
lighting. 
note 
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Recommendations for future direction 
i. If the bulk (60 percent) of life on Earth is Prokaryote there needs to be more 
research regarding unwanted outdoor lighting effects on this important Super 
Kingdom, similar to that conducted by Hölker et al (2014) in Germany, but 
for a greater variety of environments. 
ii. There needs to be a greater understanding and consideration of both 
ontogeny and phylogeny in assessment of species with respect to various 
environments in Environmental Impact Statement assessments. 
iii. Industry responds to profit margin:  development of incentive schemes that 
reward long term review of environments rather than snapshots in time that 
reduce immediate costs and ‘tick known environmental boxes’ as part of 
Environmental Impact Assessments. 
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Date 
Time 
24hr 
RH 
% 
Temp 
0C 
Pressure 
hpa 
Sky Eh Epp 
Moon Alt 
deg/min/sec 
Moon Azi 
deg/min/sec 
Moon 
phase 
Rise 
time 
Set 
time 
Wind 
Speed & 
direct 
Luminance 
cd/m2 
Comments 
min max  
06/04/2012 2220 79 20.2  clear 0.26 0.33 59/25/06 39/29/38 100% full 1702 0511 
3.6km/hr 
NE 
   
05/05/2012 2242 83 12.8 1013.0 clear  0.30 70/55/11 23/47/19 
99% full 
waxing 
gibbous 
1616 0506 nil    
06/05/2012 2215 93 11.5 1016.1 clear 0.27 0.32 60/08/40 68/31/40 100% full 1705 0618 nil    
07/05/2012 2230 90 11.0 1014.5 clear 0.16 0.22 51/44/18 81/41/14 
97% full 
waning 
gibbous 
1801 0730 nil    
09/05/2012 0015 96 11.5 1016.8 clear 0.12 0.14 60/13/17 74/00/59 
84% full 
waning 
gibbous 
2007 0939 nil    
10/05/2012 0015 98 13.5 1019.1 clear 0.07 0.10 47/31/43 83/34/20 
75% full 
waning 
gibbous 
2112 1033 nil    
11/05/2012 0015 92 16.0 1018.0 clear 0.03 0.07 34/47/04 88/55/23 
65% full 
waning 
gibbous 
2216 1119 nil    
30/05/2012 2030 92 12.4 1032.5 clear 0.05 0.06 55/16/06 324/15/06 
68% full 
waxing 
gibbous 
1250 0033 nil    
31/05/2012 2200 97 12.9 1029.1 
30% 
light 
cloud 
0.08 0.10 54/03/08 305/44/08 
78% full 
waxing 
gibbous 
1326 0137 nil    
04/06/2012 1930 53 14.4 998.9 clear 0.17 0.34 31/24/38 96/03/06 100% full 1642 0614 
8.6km/hr 
NW 
   
04/06/2012 2300 55 11.9 998.2 clear 0.36 0.40 72/17/01 51/06/01 100% full 1642 0614 
5.0km/hr 
NW 
   
09/06/2012 0525 98 6.1 1022.9 clear 0.06 0.07 59/02/45 312/10/36 
70% full 
wanning 
gibbous 
2207 1031 
1.1km/hr 
SE 
   
24/06/2012 1915 86 9.5 1026.6 clear 0.00 0.01 23/53/28 297/50/32 
15% full 
waxing 
crescent 
0945 2125 nil    
Table A.1  Moonlight illuminance measurements 
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Date 
Time 
24hr 
RH 
% 
Temp 
0C 
Pressure 
hpa 
Sky Eh Epp 
Moon Alt 
deg/min/sec 
Moon Azi 
deg/min/sec 
Moon 
phase 
Rise 
time 
Set 
time 
Wind 
Speed & 
direct 
Luminance 
cd/m2 Comments 
min max 
27/06/2012 1920 86 11.1 1026.3 
light 
dappled 
overcast 
95% 
break in 
cloud 
0.04 0.05 57/28/60 319/17/55 
44% full 
waxing 
crescent 
 
0031 
next 
day 
early 
morn 
1.1km/hr 
NW 
   
01/07/2012 1915 55 11.5 1013.7 clear 0.13 0.16 56/07/18 77/36/43 
86% full 
waxing 
gibbous 
1426 0352 
6.1km/hr 
W 
   
02/07/2012 2055 58 11.5 1015.8 clear 0.19 0.22 63/38/05 69/31/50 
93% full 
waxing 
gibbous 
1526 0500     
03/07/2012 2205 65 10.2 1017.9 clear 0.28 0.33 64/27/39 64/22/59 
98% full 
waxing 
gibbous 
1631 0601 
1.1km/hr 
SE 
   
06/07/2012 2245 73 11.9 1029.2 clear 0.07 0.12 34/04/17 77/36/06 
96% full 
wanning 
gibbous 
1950 0826 
5.0km/hr 
SW 
   
08/07/2012 2250 84 14.3 1009.8 clear 0.06 0.08 10/57/02 82/22/20 
83% full 
wanning 
gibbous 
2152 0937 
5.0km/hr 
N 
   
09/07/2012 0540 98 6.2 1026.3 clear 0.04 0.06 48/23/33 322/42/50 
74% full 
waning 
gibbous 
2249 1009 nil    
10/07/2012 0545 99 10.2 1022.9 light fog 0.02 0.03 48/27/11 340/27/02 
65% full 
waning 
gibbous 
2345 1040 
3.6km/hr 
W 
   
14/07/2012 0535 86 10.3 1008.7 clear 0.00 0.01 28/22/44 34/44/27 
27% full 
waning 
crescent 
0230 1301 nil    
16/07/2012 0535    clear 0.00 0.00 13/01/56 51/48/03 
12% full 
waning 
crescent 
0414 1432 calm   
sunrise 
0656 
CT=0626, 
NT=0559, 
AT=0529 
Table A.1  Moonlight illuminance measurements (Cont). 
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Date 
Time 
24hr 
RH 
% 
Temp 
0C 
Pressure 
hpa 
Sky Eh Epp 
Moon Alt 
deg/min/sec 
Moon Azi 
deg/min/sec 
Moon 
phase 
Rise 
time 
Set 
time 
Wind 
Speed & 
direct 
Luminance 
cd/m2 Comments 
min max 
27/07/2012 1925 76 10.8 1010.5 clear 0.05 0.05 319/40/39 70/54/01 
1st 
Quarter 
52% full 
1129 0035 
1.1km/hr 
NW 
   
28/07/2012 1930 66 10.4 1017.8 clear 0.07 0.08 0/31/30 77/01/00 
64% 
waxing 
gibbous 
1217 0142 
1.1km/hr 
W 
   
29/07/2012 2035 65 12.5 1021.0 
a clear 
break in 
overcast 
0.12 0.14 355/19/28 77/52/17 
75% 
waxing 
gibbous 
1312 0349 nil    
30/07/2012 2133 67 11.7 1022.1 
brief 
clearing 
then 
overcast 
0.18 0.21 357/53/56 77/13/21 
84% 
waxing 
gibbous 
  
6.1km/hr 
S 
   
31/07/2012 2325 68 10.7 1020.9 clear 0.19 0.21 0/31/01 71/41/06 
92% 
waxing 
gibbous 
  
6.1km/hr 
W 
  
should 
have 
measured 
at 2218hrs 
- thought it 
was 1st 
Aug by 
mistake 
01/08/2012 
1945 60 11.8  clear 0.15 0.23 38/31/21 83/29/48 
97% 
waxing 
gibbous 
  
5.0km/hr 
SW 
   
2045 63 11.1 1018.3 clear 0.20 0.26 50/22/10 72/49/25   
7.2km/hr 
SW 
   
2145 66 10.7 1018.7 clear 0.23 0.27 61/21/40 56/51/60   
1.1km/hr 
N 
   
2245 70 10.2 1018.5 clear 0.25 0.27 69/41/10 28/40/59   
2.5km/hr 
SW 
   
2325 72 9.8 1018.6 clear 0.25 0.27 71/41/06 0/31/01   
2.5km/hr 
W 
   
 
Table A.1  Moonlight illuminance measurements (Cont). 
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Date 
Time 
24hr 
RH 
% 
Temp 
0C 
Pressure 
hpa 
Sky Eh Epp 
Moon Alt 
deg/min/sec 
Moon Azi 
deg/min/sec 
Moon 
phase 
Rise 
time 
Set 
time 
Wind 
Speed & 
direct 
Luminance 
cd/m2 Comments 
min max 
02/08/2012 2347    clear 0.24 0.27 69/15/31 88/51/11 
99% waxg 
gibbous 
  
calm 
  
Darwin 
(Nightcliff) 
03/08/2012 0020    clear 0.26 0.27 85/29/01 77/08/38 100% full     
Darwin 
(Nightcliff) 
03/08/2012 
2000 81 9.6 1014.4 clear 0.04 0.12 16/11/34 87/47/03 
100% full 
   900 1070  
2100 86 8.1 1014.7 clear 0.08 0.17 28/08/49 78/58/41    1185 1370  
2200 82 9.5 1014.7 clear 0.12 0.18 39/44/25 68/23/17    1300 1530  
2310 82 8.3 1015.0 clear 0.14 0.19 51/57/26 51/14/34    1700 2050  
04/08/2012 
0000 87 7.7 1014.8 clear 0.16 0.19 58/44/14 33/20/09 97% 
waning 
gibbous 
   1880 2220  
0105 92 7.1 1014.5 clear 0.16 0.19 62/36/32 1/35/20   nil 1850 2250  
05/08/2012 0152 93 7.1 1014.0 clear 0.11 0.13 57/36/51 1/25/52 
93% 
waning 
gibbous 
  nil    
06/08/2012 0240 54 13.4 1010.0 clear 0.07 0.09 52/41/28 0/13/23 
87% 
waning 
gibbous 
  
2.5km/hr 
N 
   
07/08/2012 0320 63 7.2 1019.7 clear 0.05 0.06 48/03/15 1/51/21 
79% 
waning 
gibbous 
  nil    
08/08/2012 0405 75 5.7 1018.4 clear 0.03 0.05 43/52/52 1/30/25 
71% 
waning 
gibbous 
  nil    
10/08/2012 0505 49 9 1011.2 clear 0.02 0.02 36/52/44 10/17/04 
3rd 
Quarter 
52% full 
  
1.1km/hr 
SW 
   
19/08/2012 0155 66 11.4 1013.7 clear 0.00 0.00   New Moon   
2.5km/hr 
SE 
  
Checking 
backgroun
d light 
24/08/2012 1945 73  1014.9 clear 0.03 0.03 56/53/05 285/37/53       Coffs 
Harbour – 
became 
overcast 
25/08/2012 2000    clear 0.04 0.05 65/53/06 295/01/38 
1st 
Quarter 
waxing 
     
Table A.1  Moonlight illuminance measurements (Cont). 
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Date 
Time 
24hr 
RH 
% 
Temp 
0C 
Pressure 
hpa 
Sky Eh Epp 
Moon Alt 
deg/min/sec 
Moon Azi 
deg/min/sec 
Moon 
phase 
Rise 
time 
Set 
time 
Wind 
Speed & 
direct 
Luminance 
cd/m2 Comments 
min max 
29/08/2012 2120    
patchy 
cloud 
98% 
0.17 0.19 66/35/51 30/52/18 
Waxing 
Gibbous 
     
Binnaway 
30/08/2012 
2045    
patchy 
cloud 
50% 
0.16 0.22 50/47/07 58/11/38 Waxing 
Gibbous 
     
2200    clear 0.18 0.22 61/31/43 31/25/30      
31/08/2012 
1900    clear 0.07 0.20 18/48/57 82/27/50 
Waxing 
Gibbous 
Almost full 
     Binnaway:  
Full moon 
E=180 and 
highest 
altitude @ 
2358 hrs, 
Also blue 
moon 
2355    
patchy 
cloud 
98% 
cleared 
moment
arily 
0.25 0.30 59/46/22 356/09/13      
02/09/2012 2240 86 10.4 1020.0 clear 0.08 0.14 36/09/33 50/36/55 
Wanning 
Gibbous 
      
24/09/2012 1950 71 14.5 1014.5 clear 0.06 0.06 71/43/19 330/26/43 
Waxing 
Gibbous 
      
29/09/2012 2310 39 12.3 1015.5 clear 0.18 0.24 52/01/38 19/12/2002 
Waxing 
Gibbous 
Almost full 
      
02/10/2012 2300 75 12.0 1023.3 
overcast 
40% 
0.27 0.18 29/30/46 40/52/55 
Wanning 
Gibbous 
  1.1    
28/10/2012 2340 79 13.0 1023.9 clear 0.19 0.15 44/51/29 359/40/46 
Waxing 
Gibbous 
Almost full 
      
29/10/2012 2345  16.9 1018.4 
overcast 
50% 
light 
cloud 
0.28 0.19 41/15/21 1/18/09      
reflected 
component 
from tile 
roof 
Ev=0.03 
Table A.1  Moonlight illuminance measurements (Cont). 
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Date 
Time 
24hr 
RH 
% 
Temp 
0C 
Pressure 
hpa 
Sky Eh Epp 
Moon Alt 
deg/min/sec 
Moon Azi 
deg/min/sec 
Moon 
phase 
Rise 
time 
Set 
time 
Wind 
Speed & 
direct 
Luminance 
cd/m2 Comments 
min max 
30/11/2012 0130 93 21.4 1011.7 
overcast 
70% 
dappled 
light 
cloud 
0.10 0.21 34/52/29 359/54/29 
Wanning 
Gibbous 
almost full 
  nil    
28/12/2012 2200 70 21.0 1014.7 6 Okta 0.11 0.26 28/57/14 32/29/39 
Waxing 
Gibbous 
Almost full 
      
 
  
Table A.1  Moonlight illuminance measurements (Cont). 
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Date
Time Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt Azi Alt
19 96 14 99 21 107 13 102 15 96 4 85 7
20 85 17 88 26 92 33 100 25 94 27 88 16 76 19 68 10 59 12
21 59 14 60 24 76 29 80 38 83 45 92 37 86 39 79 28 66 30 58 21 48 22 49 16 55 15
22 49 24 48 34 65 41 69 50 72 57 84 49 76 51 68 40 53 41 46 30 36 30 38 25 44 25
23 36 33 33 42 51 51 52 61 54 68 72 61 61 62 54 50 36 49 32 38 20 36 24 31 31 32
24 20 38 13 47 29 59 24 69 14 75 51 71 33 71 33 58 14 54 14 43 3 38 8 34 15 37
01 2 41 352 48 360 63 343 70 323 73 4 77 347 73 4 63 349 54 354 43 345 37 352 34 357 38
02 343 39 331 44 330 60 311 63 295 63 313 72 310 67 334 60 326 49 336 40 329 32 336 31 340 36
03 327 34 315 37 308 52 292 53 281 52 290 62 291 56 311 52 309 41 320 33 316 25 322 25 325 30
04 301 28 293 41 280 41 272 40 278 50 279 44 296 42 296 30 307 24
05 271 29 264 28 269 38 271 32 285 30 286 19
Nov-29 Dec-29Jan-10 Mar-09 Apr-07 May-06 Jun-05 Jul-04Feb-08 Aug-03 Sep-01 Oct-01 Oct-30
Table A.2  Moonlight azimuth and altitude (Woy Woy - 2012) indicating when the full moon altitude exceeds 60 degrees 
 
 
Unwanted lighting effects at night in Australia 
339 
 
Appendix B – Extracts from Australian Government 
Threatened and Endangered Species Data Base and 
Migratory Species Data Base. 
1. Threatened Species 
Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Species @ 20/07/2014 
Critically Endangered fish (7) 
Silver Perch, Spotted Handfish, Red 
Handfish, Grey Nurse Shark (east 
coast population), Western Spotted 
Galaxias, Speartooth Shark, Opal 
Cling Goby 
frogs (5) 
Armoured Mistfrog, Mountain 
Mistfrog, Southern Corroboree Frog, 
Northern Corroboree Frog, Kroombit 
Tinker Frog 
reptiles (7) 
Short-nosed Seasnake, Leaf-scaled 
Seasnake, Christmas Island Blue-
tailed Skink, Christmas Island Forest 
Skink, Christmas Island Gecko, 
Nangur Spiny Skink, Western 
Swamp Tortoise. 
birds (7) 
Scrubtit (King Island), Spotted Quail-
thrush (Mt Lofty Ranges), Yellow 
Chat (Dawson), Orange-bellied 
Parrot, Western Ground Parrot, 
Round Island Petrel, Herald Petrel. 
mammals (5) 
Southern Bent-wing Bat, Christmas 
Island Pipistrelle, Gilbert's Potoroo, 
Christmas Island Flying-fox, Bare-
rumped Sheathtail Bat. 
other animals 
(23) 
Boggomoss Snail, Campbell's 
Helicarionid Land Snail, Margaret 
River Hairy Marron, a charopid land 
snail, Lord Howe Island Phasmid, 
Margaret River Burrowing Crayfish, 
Dunsborough Burrowing Crayfish, 
Magnificent Heliocarionid Land Snail, 
Bornemissza's Stag Beetle, Glenelg 
Freshwater Mussel, a short-tongued 
bee, Derwent River Seastar, Gray's 
Helicarionid Land Snail, Phillip Island 
Helicarionid Land Snail, a 
helicarionid land snail, Southern 
sandstone cave cricket, Masters' 
Charopid Land Snail, A native bee, 
Mount Lidgbird Charopid Land Snail, 
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Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Species @ 20/07/2014 
Whitelegge's Land Snail, Stoddart's 
Helicarionid Land Snail, Golden Sun 
Moth, Mitchell's Rainforest Snail. 
Endangered fish (16) 
Elizabeth Springs Goby, Murray 
Hardyhead, Golden Galaxias, Swan 
Galaxias, Barred Galaxias, Clarence 
Galaxias, Northern River Shark, 
Clarence River Cod, Trout Cod, Mary 
River Cod, Macquarie Perch, Lake 
Eacham Rainbow fish, Oxleyan 
Pygmy Perch, Arthurs Paragalaxias, 
Redfin Blue Eye, Maugean Skate. 
frogs (14) 
White-bellied Frog, Booroolong Frog, 
Yellow-spotted Bell Frog, Lace-eyed 
Tree Frog, Kuranda Tree Frog, 
Waterfall Frog, Common Mistfrog, 
Spotted Tree Frog, Fleay's Frog, 
Giant Barred Frog, Baw Baw Frog, 
Sunset Frog, Eungella Day Frog, 
Tinkling Frog. 
reptiles (17) 
Arnhem Land Egernia, Loggerhead 
Turtle, Alpine She-oak Skink, 
Christmas Island Giant Gecko, 
Leatherback Turtle, Western Spiny-
tailed Skink, Gulf Snapping Turtle, 
Mary River Turtle, Blue Mountains 
Water Skink, Corangamite Water 
Skink, Olive Ridley Turtle, Allan's 
Lerista, Guthega Skink, Slater's 
Skink, Yellow-snouted Gecko, 
Pygmy Blue-tongue Lizard, 
Grassland Earless Dragon. 
birds (44) 
Brown Thornbill (King Island), 
Christmas Island Goshawk, Regent 
Honeyeater, Wedge-tailed Eagle 
(Tasmanian), Australasian Bittern, 
Red-tailed Black-Cockatoo (south-
eastern), Glossy Black-Cockatoo 
(South Australian), Short-billed 
Black-Cockatoo, Southern 
Cassowary, Tasmanian Azure 
Kingfisher, Emerald Dove (Christmas 
Island), Norfolk Island Parakeet, 
Coxen's Fig-Parrot, Eastern 
Bristlebird, Northern Royal Albatross, 
Amsterdam Albatross, Tristan 
Albatross, Yellow Chat (Alligator 
Rivers), Gouldian Finch, Buff-banded 
Rail (Cocos (Keeling) Islands), 
Chestnut-rumped Heathwren (Mt 
Lofty Ranges), Swift Parrot, 
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Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Species @ 20/07/2014 
Helmeted Honeyeater, Southern 
Giant-Petrel, Black-eared Miner, 
Hooded Robin (Tiwi Islands), Star 
Finch (eastern), Southern Boobook 
(Norfolk Island), Abbott's Booby, 
Forty-spotted Pardalote, Night 
Parrot, Black-throated Finch 
(southern), Golden-shouldered 
Parrot, Western Whipbird (western 
heath), Gould's Petrel, Australian 
Painted Snipe, Antarctic Tern (New 
Zealand), Southern Emu-wren 
(Fleurieu Peninsula), Mallee Emu-
wren, Grey-headed Albatross, 
Chatham Albatross, Island Thrush 
(Christmas Island), Buff-breasted 
Button-quail, Masked Owl (Tiwi 
Islands). 
mammals (34) 
Blue Whale, Woylie, Northern 
Bettong, Mountain Pygmy-possum, 
Christmas Island Shrew, Northern 
Quoll, Spotted-tailed Quoll, Spot-
tailed Quoll (southeastern mainland 
population), Southern Right Whale, 
Leadbeater's Possum, Semon's 
Leaf-nosed Bat, Southern Brown 
Bandicoot (Eastern), Rufous Hare-
Wallaby (central mainland form), 
Northern Hairy-nosed Wombat, 
Bramble Cay Melomys, Northern 
Marsupial Mole, Southern Marsupial 
Mole, Bridled Nail-tail Wallaby, 
Dibbler, Western Barred Bandicoot 
(Shark Bay), Eastern Barred 
Bandicoot (Mainland), Mahogany 
Glider, Proserpine Rock-wallaby, 
Red-tailed Phascogale, Long-footed 
Potoroo, Smoky Mouse, Hastings 
River Mouse, Greater Large-eared 
Horseshoe Bat, Tasmanian Devil, 
Kangaroo Island Dunnart, Julia 
Creek Dunnart, Sandhill Dunnart, 
Carpentarian Rock-rat, Central Rock-
rat. 
other animals 
(17) 
Tasmanian Chaostola Skipper, 
Desert Sand-skipper, Central North 
Burrowing Crayfish, Furneaux 
Burrowing Crayfish, Scottsdale 
Burrowing Crayfish, Walpole 
Burrowing Crayfish, Glenelg Spiny 
Freshwater Crayfish, Gove Crow 
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Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Species @ 20/07/2014 
Butterfly, Broad-toothed Stag Beetle, 
Fitzroy Land Snail, Ptunarra Brown 
Butterfly, Pink Underwing Moth, Lord 
Howe Flax Snail, a land snail, 
Bednall's Land Snail, Blind Velvet 
Worm, Alpine Stonefly. 
Vulnerable fish (24) 
Ziebell's Handfish, Grey Nurse Shark 
(west coast population), Great White 
Shark, Edgbaston Goby, Black 
Rockcod, Swamp Galaxias, Saddled 
Galaxias, Eastern Dwarf Galaxias, 
Murray Cod, Blind Gudgeon, Flinders 
Ranges Mogurnda, Balston's Pygmy 
Perch, Yarra Pygmy Perch, 
Variegated Pygmy Perch, Australian 
Lungfish, Blind Cave Eel, Shannon 
Paragalaxias, Great Lake 
Paragalaxias, Queensland Sawfish, 
Largetooth Sawfish, Green Sawfish, 
Australian Grayling, Honey Blue-eye, 
Whale Shark 
frogs (10) 
Orange-bellied Frog, Giant 
Burrowing Frog, Green and Golden 
Bell Frog, Littlejohn's Tree Frog, 
Wallum Sedge Frog, Peppered Tree 
Frog, Growling Grass Frog, Alpine 
Tree Frog, Southern Barred Frog (in 
Victoria), Magnificent Brood Frog. 
reptiles (34) 
Plains Death Adder, Long-legged 
Worm-skink, Pink-tailed Legless 
Lizard, Flinders Ranges Worm-lizard, 
Hermite Island Worm-lizard, Green 
Turtle, Lord Howe Island Gecko, 
Three-toed Snake-tooth Skink, 
Yinnietharra Rock-Dragon, Airlie 
Island Ctenotus, Lancelin Island 
Skink, Hamelin Ctenotus, Striped 
Legless Lizard, Legless Lizard, 
Collared Delma, Ornamental Snake, 
Yakka Skink, Houtman Abrolhos 
Spiny-tailed Skink, Hawksbill Turtle, 
Dunmall's Snake, Broad-headed 
Snake, Mount Cooper Striped 
Lerista, Olive Python (Pilbara 
subspecies), Great Desert Skink, 
Jurien Bay Rock-skink, Flatback 
Turtle, Red-throated Skink, Krefft's 
Tiger Snake (Flinders Ranges), Lord 
Howe Island Skink, Bronzeback 
Snake-lizard, Christmas Island Blind 
Snake, Fitzroy River Turtle, Granite 
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Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Species @ 20/07/2014 
Belt Thick-tailed Gecko, Namoi River 
Turtle. 
birds (59) 
Grey Grasswren (Bulloo), Thick-
billed Grasswren, Australian Lesser 
Noddy, Noisy Scrub-bird, Western 
Long-billed Corella (southern), Forest 
Red-tailed Black-Cockatoo, Long-
billed Black-Cockatoo, Cape Barren 
Goose (south-western), Western 
Bristlebird, Southern Royal 
Albatross, Wandering Albatross, 
Antipodean Albatross, Gibson's 
Albatross, Red Goshawk, Crested 
Shrike-tit (northern), Christmas 
Island Frigatebird, White-bellied 
Storm-Petrel (Tasman Sea), White-
bellied Storm-Petrel (Australasian), 
Squatter Pigeon (southern), 
Partridge Pigeon (western), Partridge 
Pigeon (eastern), Blue Petrel, Mallee 
fowl, Imperial Shag (Heard Island), 
Imperial Shag (Macquarie Island), 
Northern Giant-Petrel, Purple-
crowned Fairy-wren (western), 
Barrow Island Black-and-white Fairy-
wren, Dirk Hartog Black-and-White 
Fairy-wren, Crimson Finch (white-
bellied), Christmas Island Hawk-Owl, 
Golden Whistler (Norfolk Island), 
Red-lored Whistler, Fairy Prion 
(southern), Plains-wanderer, Pacific 
Robin (Norfolk Island), Sooty 
Albatross, Princess Parrot, Regent 
Parrot (eastern), Superb Parrot, 
Western Whipbird (eastern), Soft-
plumaged Petrel, Kermadec Petrel 
(western), Antarctic Tern (Indian 
Ocean), Australian Fairy Tern, 
Southern Emu-wren (Eyre 
Peninsula), Lord Howe Island 
Currawong, Pacific Albatross, 
Northern Buller's Albatross, Indian 
Yellow-nosed Albatross, Tasmanian 
Shy Albatross, Salvin's Albatross, 
White-capped Albatross, Black-
browed Albatross, Campbell 
Albatross, Black-breasted Button-
quail, Painted Button-quail (Houtman 
Abrolhos), Masked Owl (Tasmanian), 
Masked Owl (northern). 
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Threatened species 
classifications 
Number off 
species @ 
20/07/2014 
Species @ 20/07/2014 
mammals (55) 
Sub-antarctic Fur-seal, Sei Whale, 
Fin Whale, Burrowing Bettong (Shark 
Bay), Burrowing Bettong (Barrow and 
Boodie Islands), Large-eared Pied 
Bat, Brush-tailed Rabbit-rat, Crest-
tailed Mulgara, Kowari, Western 
Quoll, Spotted-tail Quoll (Tasmanian 
population), Golden Bandicoot 
(mainland), Golden Bandicoot 
(Barrow Island), Southern Brown 
Bandicoot (Nuyts Archipelago), 
Spectacled Hare-wallaby (Barrow 
Island), Rufous Hare-wallaby 
(Bernier Island), Rufous Hare-
wallaby (Dorre Island), Banded Hare-
wallaby, Greater Stick-nest Rat, 
Barrow Island Wallaroo, Greater 
Bilby, Humpback Whale, Golden-
backed Tree-rat, Southern Elephant 
Seal, Numbat, Australian Sea-lion, 
Northern Hopping-mouse, Dusky 
Hopping-mouse, South-eastern 
Long-eared Bat, Eastern Barred 
Bandicoot (Tasmania), Yellow-bellied 
Glider (Wet Tropics), Black-footed 
Rock-wallaby (MacDonnell Ranges 
race), Black-footed Rock-wallaby 
(West Kimberley race), Recherche 
Rock-wallaby, Black-flanked Rock-
wallaby, Brush-tailed Rock-wallaby, 
Yellow-footed Rock-wallaby (SA and 
NSW), Northern Brush-tailed 
Phascogale, Koala (combined 
populations of Queensland, New 
South Wales and the Australian 
Capital Territory), Long-nosed 
Potoroo (SE mainland), Carpentarian 
Antechinus, Western Ringtail 
Possum, Plains Rat, Alice Springs 
Mouse, New Holland Mouse, Pilliga 
Mouse, Heath Rat, Spectacled 
Flying-fox, Grey-headed Flying-fox, 
Pilbara Leaf-nosed Bat, Quokka, 
Butler's Dunnart, Common Wombat 
(Bass Strait), Water Mouse, Arnhem 
Land Rock-rat. 
other animals 
(11) 
Tasmanian Giant Freshwater 
Lobster, Mount Arthur Burrowing 
Crayfish, Burnie Burrowing Crayfish, 
Simson's Stag Beetle, 
Vanderschoor's Stag Beetle, Shield-
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backed Trapdoor Spider, Cape 
Range Remipede, Giant Gippsland 
Earthworm, Marrawah Skipper, 
Purple Copper Butterfly, Tasmanian 
Live-bearing Seastar. 
 
The following text is directly copied from the Australian Government website to 
show the text and the context of any reference to light.  Any author/date references 
relate to references located in the species material in the Australian Government 
data base as available on the website. 
Carettacaretta — Loggerhead Turtle 
“Experimental and/or comparative studies that address the impacts of light pollution 
on the behaviour, survival, physiology and reproductive biology of hatchling and 
adult turtles 
Light pollution on nesting beaches alters nocturnal behaviors in sea turtles, 
including; how sea turtles choose nesting sites; how they return to the sea after 
nesting; and how hatchlings find the sea after emerging from their nests 
(Witherington& Martin 1996). In Western Australia, the region between North West 
Cape and Port Hedland has the highest impact of artificial lighting on turtle nesting 
beaches and hatchling dispersal due to shipping (iron ore and natural gas carriers, 
tugs, jetties and load out facilities), onshore and offshore industrial activity and 
residential development. Limpus (2008a) suggests that significant sources of altered 
light horizons may occur with coastal real estate and tourist facilities within line of 
sight of the nesting beaches along the Ningaloo Coast, though there are no studies 
that quantify the magnitude of this problem.” 
Dermochelyscoriacea — Leatherback Turtle, Leathery Turtle, 
Luth 
“Light pollution on nesting beaches alters nocturnal behaviors in sea turtles, 
including; how sea turtles choose nesting sites; how they return to the sea after 
nesting; and how hatchlings find the sea after emerging from their nests 
(Witherington& Martin 1996). Given the low incidence of nesting on Australian 
beaches by Leatherback Turtles, this threat is considered to be low.” 
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Lepidochelysolivacea — Olive Ridley Turtle, Pacific Ridley Turtle 
“Light pollution on nesting beaches alters nocturnal behaviors in sea turtles, 
including; how sea turtles choose nesting sites; how they return to the sea after 
nesting; and how hatchlings find the sea after emerging from their nests 
(Witherington& Martin 1996). Given the remote location of beaches used by nesting 
Olive Ridley Turtles in Australia, this threat is considered to be relatively low within 
Australia.” 
Burramys parvus— Mountain Pygmy-possum 
“Bogong Moths form a major part of the diet of the Mountain Pygmy-possum during 
spring and summer. In areas there is little shrubby vegetation (e.g. Mt Kosciuszko 
and Mt Townsend) they may continue to be the prime source of food through the 
autumn fattening period (Broome unpubl. data cited in NSW NPWS 2002; Smith & 
Broome 1992). Threats to the Bogong Moth represent, therefore, an indirect but 
very substantial threat to the Mountain Pygmy-possum. Threats to the Bogong Moth 
include: 
 interference with the Moth's navigation system (eg artificial UV light; city 
lights, storms).” 
Miniopterusschreibersiibassanii— Southern Bent-wing Bat 
“Roost disturbance:  During a state of torpor, and particularly over winter when the 
bats are in a deep hibernation, human disturbance in the form of noise, lights and 
handling can cause a rise in body temperature and metabolism of body fat, which 
may reduce survival rates over the period (SWIFFT 2007).” 
Litoria aurea— Green and Golden Bell Frog 
“Major threats identified for the Green and Golden Bell Frog include (DEWHA 
2009ac): 
 habitat degradation (which includes siltation, changes to aquatic vegetation 
diversity or structure reducing shelter, increased light and noise, grazing, 
mowing, fire).” 
Litoria raniformis— Growling Grass Frog, Southern Bell Frog, 
Green and Golden Frog, Warty  
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“Ambient ultraviolet-B (UV-B) radiation, levels of which have increased due to 
anthropogenic depletion of the ozone layer (Kerr and McElroy 1993), are known to 
have an adverse impact on amphibians (Blaustein et al. 1994; 1995; 1997). As 
Growling Grass Frogs are frequently active during the day, exposure to harmful 
levels of UV-B radiation has been postulated as a potential cause of decline (Tyler 
1997).” 
Litoria verreauxii alpine — Alpine Tree Frog, Verreaux's Alpine 
Tree Frog 
“The UV-B hypothesis gained support from a recent study which found the Alpine 
Tree Frog to be more susceptible to ambient UV-B radiation than the Common 
Eastern Froglet, a species which does not appear to have declined. Therefore, 
increased exposure to UV radiation at high altitude, resulting from atmospheric 
ozone depletion, has been implicated as a likely contributing factor (Broomhall 
2000). Species-specific differences in the impact of exposure to UV radiation on 
hatching success and development have also been demonstrated (Blaustein et al. 
1995).” 
Chelonia mydas— Green Turtle 
“Hatchling sea turtles emerge from their nests at night and are attracted to the 
brighter, lower elevation sea horizon and away from shadows from dunes and 
vegetation. Hatchlings that move towards artificial lights instead of the sea are likely 
to be killed by predators or exposure, or burned if they are attracted to fire 
(Pendoley 2005). 
A study on the impact of artificial lights on turtles nesting on Barrow Island, the 
Lowendal Islands and the Montebello Islands complex on the North West Shelf of 
Western Australia confirmed that sea turtle hatchlings can see ultraviolet and visible 
light, and respond most strongly to short wavelengths (blue and green) (Pendoley 
2005). The threat to hatchlings from lights depends on its wavelength and strength, 
and the amount of moonlight. 
One study (Pendoley 2005) found that the hatchlings of a related sea turtle species 
(Hawksbill Turtle) were generally attracted to sources of light that were 100 to 200 
m away from the nest, but generally moved towards the ocean if the lights were 500 
to 800 m away. All lights (at 500 Watt) were found to affect hatchlings at a distance 
of 200 m. Hatchlings were found to be attracted to short-wavelength lights (UV, blue 
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and green lights) at lower light intensities than to high pressure sodium vapour lights 
(e.g. streetlights, which emit yellow-orange light) and gas flares (open flames that 
burn excess gas, emitting mainly long wavelengths). Single 250 W sodium vapour 
lights that are 200 m away or further had no detectable effect, while 500 W 
fluorescent lights attracted hatchlings at a distance of 800 m. Some distant offshore 
lights from pearling vessels and drilling rigs (for example an offshore drilling rig 3.3 
km away) were bright enough to affect hatchling movements. Oil and gas 
processing facilities and offshore vessels on the North West Shelf of Western 
Australia use mercury vapour, metal halide and fluorescent lamps that emit light 
concentrated in the short wavelength range that attracts hatchling Green Turtles. On 
moonlit nights, hatchlings will selectively move to the ocean rather than to gas 
flares, but flares may attracted them on moonless nights (Pendoley 2005).” 
Eretmochelys imbricate— Hawksbill Turtle 
“Hatchling Sea Turtles emerge from their nests at night and are attracted to the 
brighter, lower elevation sea horizon and away from shadows from dunes and 
vegetation. Hatchlings that move towards artificial lights instead of the sea are likely 
to be killed by predators or exposure, or burned if they are attracted to fire 
(Pendoley 2005). 
A study on the impact of artificial lights on turtles nesting on Barrow Island, the 
Lowendal Islands and the Montebello Islands complex on the North West Shelf of 
Western Australia confirmed that sea turtle hatchlings can see ultraviolet and visible 
light, and respond most strongly to short wavelengths (blue and green) (Pendoley 
2005). The threat to hatchlings from light depends on its wavelength and strength, 
and the amount of moonlight. Hawksbill Turtle hatchlings are generally attracted to 
sources of light that are 100 to 200 m away from the nest, and generally moved 
towards the ocean if the lights were 500 to 800 m away. 500 Watt lights of all types 
affect hatchlings at a distance of 200 m. Hatchlings were found to be attracted to 
short-wavelength lights at lower light intensities than to high pressure sodium 
vapour lights (e.g. streetlights, which emit yellow-orange light) and gas flares (open 
flames that burn excess gas, emitting mainly long wavelengths). Single 250 W 
sodium vapour lights that are 200 m away or further have no detectable effect, while 
500 W fluorescent lights can attract hatchlings at a distance of 800 m. Some distant 
offshore lights from pearling vessels and drilling rigs (for example an offshore drilling 
rig 3.3 km away) were bright enough to affect hatchling movements. Oil and gas 
processing facilities and offshore vessels on the North West Shelf use mercury 
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vapour, metal halide and fluorescent lamps that emit light concentrated in the short 
wavelength range that attracts hatchling turtles. On moonlit nights, hatchlings will 
selectively move to the ocean rather than to gas flares, but flares may attracted 
them on moonless nights (Pendoley 2005).” 
Natator depressus— Flatback Turtle 
“Light pollution on nesting beaches alters nocturnal behaviors in sea turtles, 
including; how sea turtles choose nesting sites; how they return to the sea after 
nesting; and how hatchlings find the sea after emerging from their nests 
(Witherington & Martin 1996). 
Light pollution can affect the beach finding ability or nesting behaviour of adult 
turtles (Salmon et al. 2000 cited in Limpus 2007). The most clearly demonstrated 
effect of artificial lighting on nesting is to deter turtles from emerging from the water 
(Witherington & Martin 1996). As such, Witherington and Martin (1996) regard 
artificial lighting of sea turtle nesting beaches as a form of habitat loss. If sea turtles 
can't choose the most favourable nesting sites, the use of sub-optimal nesting 
beaches may compromise hatchling fitness, sex ratio and survivorship (Limpus 
2007; Witherington & Martin 1996). 
In addition to the threat that this "loss of habitat" poses, artificial lighting can also 
disorient nesting turtles on their way back to the water, though adult disorientation is 
not as marked as hatchling disorientation. Witherington (1992a cited in Witherington 
& Martin 1996) found that few nesting turtles returning to the sea were misdirected 
by lighting; however, those that were (four Green turtles and one Loggerhead) spent 
a large portion of the night wandering in search of the ocean. Hodge and colleagues 
(2007) documented disorientation of nesting Flatback females at a minor Flatback 
nesting beach at Hummock Hill Island, Queensland. They determined that this 
disorientation was caused by the brightly illuminated salt-spray atmosphere above 
an alumina refinery sited some 18 km away from the nesting beach. 
Artificial lighting disrupts hatchlings in their journey from the nest to the sea. On 
naturally lighted beaches, hatchlings show an immediate and well-directed 
orientation toward the water - delay in the journey from nest to sea is often met with 
death from exhaustion, dehydration, predation or other causes (Witherington & 
Martin 1996). This sea-finding behavior is innate and is guided by light cues that 
include brightness, shape, and in some species, colour (Lorne & Salmon 2007; 
Salmon 2003; Witherington & Martin 1996). Artificial lighting on beaches is strongly 
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attractive to hatchlings and can cause hatchlings to move in the wrong direction 
(misorientation) as well as interfere with their ability to orient in a constant direction 
(disorientation) (Witherinton & Martin 1996). 
This misorientation or disorientation can lead to higher mortality such as when 
hatchlings move away from the water and toward another light source such as 
residential or industrial lighting. Disorientation of Flatback Turtle hatchlings by street 
lighting at Port Hedland is a regular occurrence, leading hatchlings into the path of 
road traffic (Limpus 2007). 
Light pollution can be generated by residential and tourism infrastructure (such as 
urban lighting, that is, visible behind the dunes of a beach or high bright lights 
associated with signage on buildings) as well as large industrial developments, such 
as gas and oil infrastructure or port facilities, which, for either security or 24-hour 
operation processes, are lit throughout the night. Barrow Island, off the coast of 
Western Australia, supports a large gas and oil processing operation, as well as an 
important Flatback Turtle rookery. Six nesting beaches on Barrow Island are 
exposed to artificial light, with the result that around 40% of all Flatback Turtle 
nesting is potentially affected by artificial lights (Pendoley 2005). 
Through the conduct of experiments based at Barrow Island (and nearby islands), 
with both controlled and uncontrolled lighting, Pendoley (2005) documented the 
effect that different light types, intensities and distances from nesting beaches had 
on hatchling orientation. These studies demonstrated that there are many variables 
associated with the potential impact, such as the presence or absence of 
headlands, the lunar cycle and the species' particular sensitivity to the light 
spectrum. Nonetheless, Pendoley (2005) showed conclusively that Flatback 
hatchlings exposed to artificial light orient themselves significantly differently to 
hatchlings not exposed to artificial lights, though both light type and intensity, as a 
function of distance, are important variables. Pendoley (2005) concluded that 
sodium vapour lights had less potential to misorient Flatback Turtle hatchlings than 
flouride or metal halide light sources, when all other factors (intensity and distance) 
are equal. In addition to the role that artificial lights may play in disorienting 
hatchlings from the preferred route to the ocean, artificial lights can also make it 
easier for predators, such as birds, to find the hatchlings as they make their way to 
the water (Limpus 2007; Witherington & Martin 1996). 
While residential and tourism infrastructure along the eastern coastline does present 
a source of artificial lighting that can degrade the nesting opportunities and 
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survivorship of Flatback Turtle hatchlings, Limpus (2007) identifies the growing oil 
and gas infrastructure development on the otherwise quite isolated nesting beaches 
off the Western Australian coast as a growing threat. As these isolated islands are 
developed, and there is an increase in "drilling rigs, work boats, offshore flares and 
construction barges", the more the natural light horizons will be altered (Limpus 
2007) and the greater the management challenge will become.” 
Paradelma orientalis— Brigalow Scaly-foot 
“The Brigalow Scaly-foot occurs in the Brigalow Belt, an area highly modified by 
vegetation clearance (Covacevich et al. 1998). Much of the land has been modified 
through agricultural and urban development (Cogger et al. 1993; McDonald et al. 
1991). The population on Boyne Island may be threatened by clearance of habitat, 
increasing human population size, and the introduction of roadside lighting (Tremul 
2000).” 
Halobaena caerulea— Blue Petrel 
“Plastic pellets have been found in the stomachs of Blue Petrels (Marchant & 
Higgins 1990), and fledglings sometimes fly into lights at night during misty 
conditions (S. Hunter, as cited in Marchant & Higgins 1990).” 
2. Migratory Species 
The following text is directly copied from the Australian Government website to 
show the text and the context of any reference to light.  Any author/date references 
relate to references located in the species material in the Australian Government 
data base as available on the website. 
Calidris acuminata — Sharp-tailed Sandpiper 
“Disturbance can result from residential and recreational activities including fishing, 
power boating, four wheel driving, walking dogs, noise and night lighting. While 
some disturbances may have only a low impact, it is important to consider the 
combined effect of disturbances with other threats.” 
Calidris melanotos — Pectoral Sandpiper (refer Sharp-tailed Sandpiper 
for text) 
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Caretta caretta — Loggerhead Turtle (refer threatened species) 
Chelonia mydas — Green Turtle (refer threatened species) 
Dermochelyscoriacea — Leatherback Turtle, Leathery Turtle, 
Luth (refer threatened species) 
Dugong dugon — Dugong 
“The seagrass ecosystems in which Dugongs feed are very sensitive to human 
influence (Fonseca 1987; Poiner & Peterkin 1996; Shepherd et al 1989). Seagrass 
beds may be destroyed directly by mining, trawling (Silas & Bastion-Fernando 1985) 
and natural catastrophic events (PWS 2003), or lost through the effects of 
disturbances such as dredging, inland and coastal clearing, and land reclamation. 
These activities cause increases in sedimentation and turbidity which, in turn, lead 
to degradation through smothering and lack of light. Most losses of habitat are 
caused from reduced light intensity due to sedimentation and/or increased epiphytic 
growth caused by nutrient enrichment (Marsh et al 2002).” 
Eretmochelys imbricate — Hawksbill Turtle (refer threatened species) 
Gallinago megala — Swinhoe's Snipe 
“Disturbance can result from residential and recreational activities including; fishing, 
power boating, four wheel driving, walking dogs, noise and night lighting. While 
some disturbances may have only a low impact it is important to consider the 
combined effect of disturbances with other threats. Roosting and foraging birds are 
sensitive to discrete, unpredictable disturbances such as loud noises (i.e. 
construction sites) and approaching objects (i.e. boats). Sustained disturbances can 
prevent shorebirds from using parts of the habitat (DEWHA 2009aj).” 
Gallinago stenura — Pin-tailed Snipe (refer Swinhoe’s Snipe for text) 
Lepidochelysolivacea — Olive Ridley Turtle, Pacific Ridley Turtle 
(refer threatened species) 
Limicola falcinellus — Broad-billed Sandpiper (refer Swinhoe’s Snipe 
for text) 
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Limnodromus semipalmatus — Asian Dowitcher (refer Swinhoe’s 
Snipe for text) 
Limosa lapponica — Bar-tailed Godwit (refer Swinhoe’s Snipe for text) 
Limosa limosa — Black-tailed Godwit (refer Swinhoe’s Snipe for text) 
Natator depressus — Flatback Turtle (refer threatened species) 
Numenius phaeopus — Whimbrel (refer Swinhoe’s Snipe for text) 
Phalaropus lobatus — Red-necked Phalarope (refer Swinhoe’s Snipe 
for text) 
Philomachus pugnax — Ruff (Reeve) (refer Swinhoe’s Snipe for text) 
Tringa brevipes — Grey-tailed Tattler (refer Sharp-tailed Sandpiper for 
text) 
Tringa glareola — Wood Sandpiper (refer Sharp-tailed Sandpiper for text) 
Tringa stagnatilis — Marsh Sandpiper, Little Greenshank (refer 
Sharp-tailed Sandpiper for text) 
Tringa totanus — Common Redshank, Redshank (refer Sharp-tailed 
Sandpiper for text) 
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Appendix C:  Definitions and Nomenclature 
Appendix C contains definitions and text not included elsewhere in the main body of 
the thesis.  Also there is a summary of the two systems of measurement relating to 
this thesis; photometric, and radiometric (with some of the differences between 
astronomy, biology and physics), and their nomenclature. 
Algae:  The largest and most complex marine algae are called seaweeds, while the 
most complex freshwater forms are the Charophyta, a division of algae that includes 
Spirogyra and the stoneworts. 
Blue-green algae (also known as cyanobacteria) are the only group of algae to be 
toxic in freshwaters. They are microscopic bacteria living in water, and are capable 
of photosynthesising which is why they are often called algae. Though microscopic, 
when they form colonies and accumulate together they can become visible to the 
naked eye.  Cyanobacteria, which are prokaryotic organisms that carry out oxygenic 
photosynthesis, occupy many environmental conditions, including fresh water and 
marine environments.   
Marine algal blooms fall into the classes of:  
• BACILLARIOPHYCEAE (diatoms)  
• DINOPHYCEAE (dinoflagellates)  
• PRYMNESIOPHYCEAE (golden–brown flagellates)  
• CHRYSOPHYCEAE (golden–brown algae)  
• RAPHIDOPHYCEAE (chloromonads)  
• DICTOCHOPYCEAE (silicoflagellates)  
• CYANOPHYCEAE (marine blue–green algae)  
Marine algal blooms can appear as red water discolouration’s commonly referred to 
as ‘red tides’ or a range of other discoloured water, from green, yellow and brownish 
to an oily or milky appearance. These algal blooms are commonly mistaken for 
sewage or some other form of pollution. Other blooms can show no discolouration 
but be highly toxic at low levels. 
Algae tend to grow very quickly under high nutrient availability, but each alga is 
short-lived, and the result is a high concentration of dead organic matter which 
starts to decay. The decay process consumes dissolved oxygen in the water, 
resulting in hypoxic conditions. Without sufficient dissolved oxygen in the water, 
animals and plants may die off in large numbers. 
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Harmful algal blooms (HABs) have been observed to cause adverse 
effects to varying species of marine mammals and sea turtles, with each 
presenting specific toxicity-induced reductions in developmental, 
immunological, neurological, and reproductive capacities. 
Examples of common harmful effects of HABs include: 
1. The production of neurotoxins which cause mass mortalities in fish, 
seabirds, sea turtles, and marine mammals. 
2. Human illness or death via consumption of seafood contaminated by 
toxic algae. 
3 Mechanical damage to other organisms, such as disruption of 
epithelial gill tissues in fish, resulting in asphyxiation. 
4. Oxygen depletion of the water column (hypoxia or anoxia) from 
cellular respiration and bacterial degradation. 
Aquatic environments are in three broad categories, namely, fresh water, coastal 
and deep sea (refer Figure 1.11). Coastal habitats have a water column down to the 
continental shelf and deep sea is all areas where the water column is deeper that 
the edge of the continental shelf. 
Control is the immediate mechanisms of behaviour such as perception of external 
stimuli. 
Diapause is arrested development combined with physiological change and 
arrested development does not necessarily change when factors become more 
favourable but require physiological stimuli to be triggered before continuing. 
Fauna  
Subdivisions relevant to aquatic fauna): 
Megafauna:  large animals of any particular region or time.  In this 
environment that includes pelagic fish, reptiles and mammals. 
Cryofauna:  are animals that live in, or very close to, ice. 
Infauna:  benthic organisms that live within the bottom substratum of a body 
of water, especially within the bottom-most oceanic sediments, rather than 
on its surface. In general infaunal animals become progressively smaller and 
less abundant with increasing water depth and distance from shore. 
Epifauna:  aquatic animals that live on top of the sediment surface at the 
seafloor. 
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Macrofauna:  benthic or soil organisms which are retained on a 0.3 to 
0.5mm sieve.  
Meiofauna:  small benthic invertebrates that live in both marine and fresh 
water environments. The term Meiofauna loosely defines a group of 
organisms by their size, larger than microfauna but smaller than 
macrofauna, rather than a taxonomic grouping. One environment for 
meiofauna is between grains of damp sand such as metazoa. 
Microfauna:  microscopic or very small animals including protozoans. 
Subdivisions relevant to terrestrial habitats (http://en.wikipedia.org/wiki/Fauna) 
include: 
Megafauna:  large animals of any particular region or time. 
Mesofauna:  macroscopic soil invertebrates such as arthropods or 
nematodes.  
Macrofauna:  soil organisms which are retained on a 0.3 to 0.5mm sieve.  
Microfauna:  microscopic or very small animals including protozoans 
Fish classification (http://en.wikipedia.org/wiki/Vision_in_fishes) 
Pelagic fish “live near the surface or in the water column of coastal, ocean 
and lake waters”. 
Reef fish are associated with coral reefs. 
Demersal fish dwell on or near the bottom. 
Gelbstoff is coloured dissolved organic matter 
Quiescence is when development is slowed or halted until such time as conditions 
become favourable again. 
Lucifugal is a dislike and therefore avoidance of light 
Ontogeny is the development of behaviours during the lifetime of the species  
Perpetuation is the survival value or selective advantage of a particular behaviour. 
Phylogeny is the evolution of behaviours over very long periods of time. 
Phytoplankton encompasses all photoautotrophic microorganisms in aquatic food 
webs. Phytoplankton or microalgae form the base of the food web upon which 
nearly all other marine organisms depend. Of the 5000 plus species of marine 
phytoplankton that exist worldwide, about 2% are known to be harmful or toxic. 
 
Unwanted lighting effects at night in Australia 
357 
(http://en.wikipedia.org/wiki/Phytoplankton).  Freshwater phytoplankton species total 
around 15,000.  Phytoplankton is classified based on cell size: 
micro-phytoplankton (200-20μm),  
nano-phytoplankton (20-2μm) and  
pico-phytoplankton (2-0.2μm) – (Vaulot 2001).   
Zeitgeber: a cue given by the environment, such as a change in light or 
temperature, to reset the internal body clock. 
Units of measurement 
In practice, some field studies may well use correct biological definitions, however, 
when relating ecological impacts to a visual experience there seems to be confusion 
at times.  The correct radiometric/photometric definitions (Julian 1985, Björn 2008, Herring 
Campbell Whitfield and Maddock 1990, Philips Lighting International BV, 1985) lend credibility to 
any dissertation when relating behavioural effects to electromagnetic radiation 
spectra. Inadvertent incorrect use of lighting definitions (Pendoley Environmental Pty Ltd 
2004 report dated 12 May, Pendoley Environmental Pty Ltd 2005 report dated 13 April) have a 
ripple effect when that work is subsequently cited as technical proof backing 
statements in Government documents (Environment Protection Authority Western Australia 
2010). Also not understanding existing technical definitions can lead to the invention 
of new terms such as “directivity” (Environment Protection Authority Western Australia 2010) 
rather than radiant intensity or luminous intensity which requires the direction to be 
stated. 
There are two nomenclature systems, photometric and radiometric.  The radiometric 
system generally defines the quantum of energy at each wavelength in a specific 
section of the electromagnetic spectrum.  The radiometric nomenclature is general 
and applies to all radiant energy although some definitions vary depending on which 
science is involved (refer Table C.1). 
The photometric system is a conversion of the radiometric system absolute units via 
a defined bell curve function (refer Figure C.1) to photometric units.  The bell curve 
function represents an agreed human visual systems response to different 
wavelengths of energy in the range 380 to 780 nanometres.  The bell curves 
represent the human photopic and scotopic responses, which is when there is 
sufficient irradiance on receptors to illicit a response from those cone and or rod 
receptors respectively in the human eye.  The reaction of cones in the human visual 
system determines colour vision.  Typically photopic response is associated with 
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daytime environments or night-time environments where there is sufficient 
irradiance for cones to respond.  This system is the photometric system. 
The photometric system therefore only applies where radiant energy is being 
measured relative to human beings. 
 
 
Figure C.1  CIE Standard Observers (Boyce 2003) p6, where the standard photopic 
curve is the curve normally used in the conversion of radiometric units to photometric 
units.   
The standard and modified photopic CIE observers have a peak at 555nm (known 
respectively as the 1924 CIE Spectral Luminous Efficiency Function for Photopic Vision 
and the 1988 CIE Modified Two degrees Spectral Luminous Efficiency Function for 
Photopic Vision).  The modified function, recognising greater sensitivity at wavelengths 
below 460nm, is considered important when considering blue band LED.   
The 10 degree field was developed in 1964 and represented a larger area of the Fovea 
in which it was believed cones were sensitive rather than the 1924 research that was 
based on a 2 degrees field. 
The standard scotopic observer has peak sensitivity at 507nm and this function is known 
as the 1951 CIE Spectral Luminous Efficiency Function for Scotopic Vision, that is, there 
is insufficient light for activation of cone receptors; only the rod receptors are operating. 
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Table C.1  Some photometric and radiometric nomenclature (physics, astronomy and biology) 
Photometric nomenclature (Philips Lighting) 
Radiometric nomenclature 
Physics nomenclature  Astronomical nomenclature (Schlyter) Biological nomenclature (Berthold Technologies) 
Terminology Unit Symbol Terminology Unit Symbol Terminology Unit Symbol Terminology Unit Symbol 
luminous flux lumens lm radiant flux 
spectral flux 
Watt 
Watt per steradian 
per square metre 
per nanometre 
W 
W/sr/m2/nm 
 
      
illuminance lumens per 
square metre 
lm/m2 Irradiance 
Radiant flux 
received by a 
surface per 
unit area 
Spectral 
irradiance 
Irradiance per 
unit 
wavelength 
watt per square 
metre 
 
 
watt per square 
metre per 
nanometre 
W/m2 
 
 
 
W/m2/nm 
 
   Quantum flux 
 (Photon flux) 
μ Einstein 
Number of photons in 
μmol per second per 
unit area per 
nanometre 
μE 
Photons/sec/m2/nm 
luminous 
intensity 
lumens per 
steradian = 
candela 
cd radiant 
intensity 
Spectral 
intensity 
watt per steradian 
watt per steradian 
per metre 
W/sr 
W/sr/m 
luminosity the intrinsic 
brightness of a 
celestial object 
    
luminance lumens per 
steradian per 
square metre or 
candela per 
square metre 
cd/ m2 Radiance 
 
Spectral 
radiance 
 
watt per steradian 
per square metre 
watt per steradian 
per square metre 
per nanometre 
 
W/sr. m2 
 
W/sr. m2/nm 
absolute 
magnitude  
 
 
apparent 
magnitude  
“surface 
brightness” 
a measure of the 
actual (intrinsic) 
brightness at a 
standard distance 
of exactly 10 
parsecs (32.6 light 
years) from the 
observer. 
brightness of object 
as measured from 
telescope, satellite 
or instrument  
1S10vis 
The intensity 
(surface brightness) 
corresponding to 
one star of 10th 
(visual) magnitude 
per square degree 
of the sky. 
M 
 
 
 
 
m  
 
m/arcsec2 
Spectral 
photon 
radiance 
Number of photons in 
μmol per second per 
unit area per 
nanometre per 
steradian 
Photons/sec/m2/nm/sr 
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A number of existing nomenclature systems are indicated in Table C.1: 
If there was equal energy at every wavelength in the visible spectral region the 
human visual system would perceive that there was not as much light in the blue 
part of the spectrum and considerable light in the green-yellow part of the spectrum 
with declining definition moving into the red part of the spectrum. 
Where the visual system response of any species is different to the human visual 
system response, under the same conditions, that is, where there was equal energy 
at every wavelength in the visible spectral region 380 to 780 nanometres, that 
species may perceive what we know as the blue end of the spectrum, as a scene 
with much greater radiance due to their enhanced receptivity in that part of the 
radiometric spectrum. 
The astronomic nomenclature system deals with both brightness and distance and 
the interaction of the two factors using a system of Magnitudes.  The brightness that 
a star or any other celestial body appears to be in space is measured by ‘Apparent 
Magnitude’.  The less bright an object appears, the higher the apparent magnitude.  
The dimmest objects human eyes can see have an apparent magnitude of 
approximately 6.  Objects with an ‘Apparent Magnitude’ higher than 6 are too dim 
for the human visual system to detect.  Objects with an apparent magnitude of 1 are 
bright.  Some objects, like the Sun for example, are so bright they have a negative 
apparent magnitude.   The Sun's apparent magnitude is -26.7 (refer Figure C.2). 
 
Figure C.2  Apparent brightness’s of some objects in the magnitude system. The Magnitude 
system as devised by Hipparchus, a Greek astronomer (150 B.C.E), (Nick Strobel’s course 
notes, http://www.astronomynotes.com/starprop/s4.htm). 
‘Absolute Magnitude’ is a concept used to understand how bright a star really is.   
The absolute magnitude of an object, such as a star, equals how bright that object 
would look if it were at a standard distance, that is, 10 parsecs, or 32.6 light years 
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away from the Earth.  The Sun’s absolute magnitude is +4.8 which is different to its 
apparent magnitude -26.7 as noted above. 
The system used in biology relates to the amount of energy that biota requires, 
responds to or is affected by and therefore involves a quantum of energy at 
specified wavelengths (photons), effecting an amount of substance measured in 
moles (unit mol).  The mole is used to express the number of atoms, ions, or other 
elementary entities in a given sample of any substance. 
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Appendix D:  Interviews and Correspondence 
1. McLean, Peter, 
Status:   Consultant, semi-retired. 
Interview: At Lighting Art and Science office, Crows Nest, NSW 
Date:  8th July, 2014 
Peter was the Principal of this consultancy but has semi-retired.  Peter was very 
active both on a number of Standards Australia committees as well as teaching at 
the Sydney University Department of Architectural Science and providing talks to 
the Illuminating Engineering Society of Australia and New Zealand and serving in 
administrative capacities with the IES at different times.  Peter was also an active 
committee member of LG10. 
 Peter was the ACEA industry representative on LG10. 
 Ian Wilson was the Standards Australia employee and co-ordinator and 
manager of the various Standards lighting committees including LG10.  Ian 
no longer works for Standards Australia but might be working for Snyder but 
not sure. 
Issues with AS4282:   
 There was a diversity of groups all with their own agendas.  Local Councils 
wanting values and numbers that applied limits for ease of administration, 
various astronomical interests both professional and amateur wanting no 
light or very severe restrictions, to the opposite extreme where some lighting 
manufacturer/suppliers that had only symmetric distribution type floodlights 
in their current range completely opposed any restriction of any kind to 
outdoor lighting. 
 Level 2 system in AS 4282 was introduced as a concession to the lighting 
industry representation. 
 The glare aspect of AS 4282 usually involves assessment of luminous 
intensity at the higher angles.  Cheaper poor quality photometric 
measurement and reporting does not measure information in this critical 
area and therefore lesser quality luminaires appear to be more compliant 
than better quality photometry of better quality luminaires. 
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 Small values of illuminance are problematic to measure accurately with 
reasonable value commercially available instruments. 
 The Brisbane Ordinance was one document that was referenced when 
investigating what limits might be appropriate. 
 Colour and movement is not considered at time though considered to be 
items for future investigation. 
 Local code documents from parts of the USA formed part of research into 
limiting values. 
 Peter Jarvis developed ‘Oliver’software (Rayforg consultancy) to assess 
AS4282 well before AGi32 developed its version. 
2. Fisher, Alec, 
Status:   Consultant 
Interview: At Gordon adjacent railway station in coffee shop 
Date:  10th July, 2014 
Dr Alec Fisher taught lighting at Sydney University course, provided talks at 
conferences and international conventions.  Serviced on Standards Australia 
committees and the CIE.  Chairman of LG10. 
 Worked with international astronomical community, 
 Research and paper on Mt Stromlo, ACT, and limiting sky-glow from 
Canberra, 
 Active in road lighting and road lighting standards,  
Issues with AS4282:   
 Break through with LG10 was decision to add limiting values to Standard. 
 Based research on German work. 
 Research on local sports fields by Dr Fisher and Peter McLean presented at 
IESANZ conference in Gold Coast, 1992. 
 Sydney County Council representative would not agree to have AS4282 
reference any public lighting. 
 Developed upward light ratio (UWLR) concept. 
 AS4282 UWLR introduced into latest 2005 version of Cat P lighting AS 1158 
Public Lighting although previous versions of AS 1158 Public Lighting were 
exempt from compliance with AS4282. 
 AS4282 was the most contentious Standard Dr Alec Fisher ever worked on 
in his career either in Australia or internationally with the CIE. 
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3. Jarvis, Peter, 
Status:   Retired 
Interview: Telephone  
Date:  4th August, 2014 
Peter worked with GEC Osram in the laboratory as a techo and provided 
information to others such as John Rogers. 
 No direct involvement with LG10 but provided information to John Rogers. 
 Initially hostile to AS4282 because relied on installation not just on luminaire 
selection. 
 Decided there was an opportunity and formed Rayforg consultancy and 
wrote Oliver software that was the first to assess AS4282.  Peter expected 
the software to sell but instead clients wanted him to process projects. 
4. Wilson, Reginald, R., 
Status:   Consultant 
Interview: At Queen Victoria Building over lunch  
Date:  18th August, 2014 
Reg is the current Australian representative on the Board of Directors of the 
International Darksky Association having served 5 consecutive 3 year terms since 
1990. 
 Honorary member for lighting with the Astronomical Society. 
 Provided a copy of a reference to his statement about light pollution 
November 1973 in Adelaide Advertiser newspaper page 1. 
 CIE document was a copy of AS4282 but with an additional zone E1, ie 4 
zones. 
 The Americans now have a 5 zone system, ie no upward component. 
 Recommended contacting Ken Petersen SOLIS, and Nick Lomb at Sydney 
Observatory. 
Issues with AS4282:   
 Reg indicated someone from the Victorian Astronomical Society had 
attempted court action firstly against Standards Australia which was 
unsuccessful then subsequently against Dr Alec Fisher as LG10 Chairman 
re reference to light preventing crime in AS 4282.  This person claimed to 
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have amassed volumes of evidence to the contrary with the assistance of 
IDA.  The name of the person escaped Reg’s recall at the time. 
5. Petersen, Ken 
Status:   retired 
Interview: At Queen Victoria Building over lunch  
Date:  25th August, 2014 
Ken is an amateur astronomer who started taking an interest in light pollution in 
1997. 
 Bought equipment from Mike Smith who owns an astronomy shop. 
 A member of the North Sydney Astronomy Society 
 Formed SOLIS, Sydney Outdoor Lighting Improvement Society, 
incorporated in 1998. 
 Bill Sampson, a friend or associate, was the main driving force arranging the 
incorporation of SOLIS. 
 Had met the International Darksky Association Australian representative (Mr 
Reg Wilson) but offered no further comment. 
 Provided a copy of National Trust NSW notice, September 2009, indicating 
the night skies of NSW were a listed item. 
 Believes all outdoor lights should be controlled or turned off and windows 
should have curtains to prevent any light escaping from windows. 
Issues with AS4282: 
 Had no association with AS4282. 
6. Lomb, Nick 
Status:   now employed in Melbourne 
Interview: Telephone  
Date:  28th August, 2014 
Formerly Dr Lomb was Curator of Astronomy, Sydney Observatory. 
 Provided a submission to Australian Standards on AS4282 (actually 
DR96417) but does not recall details although Sydney Observatory will have 
archive files.  Dr Lomb to contact Sydney Observatory to make sure they will 
be made available for viewing. 
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 Prior to that used to scour newspapers etc to be aware of any projects that 
might have outdoor lighting. 
 In recent years the Curator of Sydney Observatory has to approve all 
Development Applications submitted to City of Sydney Council. 
 Was of the opinion that the International Darksky Association Australian 
representative (Mr Reg Wilson) was too close to lighting manufacturers. 
Issues with AS4282:   
 Does not recall details – they will be on file in archives at Sydney 
Observatory. 
7. Poulton, Kevin 
Status:   retired 
Interview: Telephone 
Date:  15th September, 2014 
Formerly ran private business, Lighting Sciences Laboratory.  Often involved in 
legal work and complaints, particularly relating to sports grounds. 
 Served of LG1 (AS 1680) and therefore also provided input to LG10 (AS 
4282) 
 AS 4282 was very contentious. 
 Personality clash with Dr Alec Fisher (chair of LG10). 
 Was often involved with cases associated with the Administrative Appeals 
Tribunal in Victoria.  AAT became the Victorian Complaints and Appeals 
Tribunal. 
 A typical case that sprang to mind was Brookland Soccer ground (VIC) 
where the sports field was hard against residential boundaries and open 
faced symmetric distribution floodlights were installed (not asymmetric 
floodlights) hence both the floodlights were glaring to look at and before 
curfew provided light that was a nuisance to neighbours. 
Issues with AS4282: 
 Mostly related to the pre-curfew period provided in the Standard as Kevin 
preferred pre-curfew conditions to apply at windows of adjacent properties in 
a manner similar to curfew hours. 
 Did not agree with the numbers allocated as the limiting values in the 
Standard. 
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8. Ponting, Richard 
Status:   retired 
Interview: email 
Date:  24th September 2014 
From: Richard Ponting 
Sent: Wednesday, 24 September 2014 
To: Shotbolt, Tim 
Subject: Fwd: AS4282 research 
Hi Tim, 
… 
With regard to AS 4282, the following may be of some use to you. 
Although NZ never officially adopted the standard it became our de facto standard 
in the absence of any other suitable document. This was partly because of the 
support for it shown by the IESANZ but also because NZ has never taken regulation 
by Standard to the same level as practiced in Australia. Our legal system is quite 
different in the management of personal injury actions in the event of accidents and 
adversarial commercial actions. The legal system in Australia seems to be based on 
the principle that if there are legal grounds for a particular course of action you are 
safe, but if nothing exists in Law or Standards on the matter will end up in court. 
This has removed the occurrence of multi-million dollar claims for injury or loss of 
amenity often found in other jurisdictions. Our system will obviously look at 
mandatory standards and case law on the matter at hand as the first reference 
point, but in the absence of precedents, pertinent guidance from standards or 
Codes of Practice from other jurisdictions have been the next port of call. For that 
reason, many Territorial Authorities (who were usually either the main users or 
arbiters on the subject) happily adopted the Standard on the basis that it was 
generated in a country which had much more experience with outdoor lighting, and 
had a similar requirement for year-round outdoor activities. It was also seized on by 
the Electrical Design/Lighting Industry as a means of providing a level playing field - 
if you pardon the pun - in commercial specifying/tendering for outdoor lighting 
installations. 
For these reasons AS4282 became widely used here and was regarded as the 
"definitive reference document" throughout the country. If memory serves me 
correctly, it originally had a 3 year sunset clause built in, and if this was so, it did not 
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prevent the use of the document for many years beyond its use-by date. I have not 
been active in the outdoor lighting industry for some years now, so I cannot 
comment on the situation today. However it would not surprise me if it were still in 
use where TAs had not taken it as a model for their own local bylaws. 
… 
Best Regards, 
Richard Ponting LFIES 
9. David Lewis 
Status:   Lighting Consultant to International Olympic Committee for outdoor 
sports lighting and lighting for television broadcast. 
Interview: Email  
Date:  30th & 31st December, 2014 
 
From: David Lewis  
Sent: Wednesday, 31 December 2014 
To: Shotbolt, Tim 
Subject: RE: AS4282 development history 
Hi, 
… 
Yes, I think the same – it will change to align with international standards. I recall we 
pushed hard at the time to get the ILE Guidance ‘simple’ diagrams included 
(appendix A). 
Incidentally I have to admit, back in the Sydney 2000 Games, I included a clause in 
the IOC lighting specification derived from AS4282 which reads: “Luminaire beam 
distribution at 10% of maximum intensity in the vertical plane above the aiming 
angle (top of the ‘field angle’) shall: 
o ≥ 10° below the horizontal 
o ≤ 100,000cd 
I know of course AS4282 does not apply to televised events but I was pushing for at 
least some responsibility to the community. 
The clause is still there today in the 2014 official IOC specification … one small 
contribution! 
Cheers 
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David 
From: David Lewis  
Sent: Tuesday, 30 December 2014  
To: Shotbolt, Tim 
Subject: RE: AS4282 development history 
… 
It was and still is a 'difficult' standard. Mentioned in low whispers ... 
Cheers. 
David 
10.Butler, Greg 
Status:   Councillor with Yass Shire Council 
Interview: Telephone  
Date:  26th March, 2015 
Formerly a Councillor with Wingecarribee Shire Council and the nominated Local 
Government representative on LG/10 
Had a keen interest in risk management – wanted the requirements of the proposed 
standard to be optional rather than compulsory. 
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Appendix E:  CIE 150: 2003 (2014 draft revision) Guide on the 
Limitation of the Effects of Obtrusive Light from Outdoor 
Lighting Installations 
Parts of the proposed 2014 draft revision are copied into this Appendix for reference 
as necessary. 
1. Effects on the natural Environment (p 5) 
(a) Wild plants and animals 
(i) Insects 
Some insects, such as moths, are phototactic (attracted by light), while others such 
as fireflies are lucifugal (dislike and therefore avoid light). For both of these insect 
species, the effects of night-time lighting are significant. 
When there are fields, mountains and forests, rivers, and lakes located close to a 
lighting installation, there is the possibility of an increase in the number of insects 
flying by, depending upon the season. In such cases, it is desirable to (a) use light 
sources with a wavelength that has a low degree of attraction for insects, and (b) to 
use luminaires that do not emit light in the direction of the insect habitats. 
(ii) Mammals, amphibians and reptiles 
The environmental effects of night lighting on the habitats of nocturnal mammals 
can be significant. Many species of mammals, amphibians and reptiles come to 
feed on insects that gather at lights during the night, and for this reason it is 
important to take care of their habitats. 
(iii) Birds 
It has been reported that the distribution of bird habitats has been changing in 
conjunction with the urbanization of suburbs that still have some natural 
environment remaining. In particular, it is feared that night-time lighting will have 
effects on birds of prey such as owls and other species which live in forests. 
However, there are still many unresolved aspects concerning the quantitative 
effects of night-time lighting on birds so future research is being anticipated. 
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(iv) Fish 
While some fish species are attracted by light others tend to avoid it. Furthermore, 
different species react differently depending upon the illuminance or type of light. 
Future research is needed since the effects of lighting on fish are still unknown and 
appropriate illuminance levels are not known. 
(v) Plants 
It is possible that night-time lighting has an effect on plant physiology and plant 
ecosystems. There have been reports on the effects of lighting on the physiology of 
photosynthesis and growth and biological seasons, effects on bud formation in short 
day plants and long day plants, effects on pollinating insects, and so on. It has been 
confirmed that artificial lighting has different effects on different species of roadside 
plants in urban areas. For example Zelkova and Gingko are not affected by light 
while Liriodendron (tulip tree) and Chinese Parasol are affected. 
Therefore, it is desirable that night-time lighting installations be set up at appropriate 
locations and that various other factors, depending upon the plant species, such as 
the wavelength and intensity of the light, the season and time of lighting, and so on 
are adequately considered. 
(vi) Ecosystems 
Many points concerning the impact of night-time lighting on entire ecosystems, 
including wild plants and animals, remain unclear so future research in this subject 
is being keenly anticipated. 
(b) Crops and livestock 
(i) Crops 
The effects of artificial light on agricultural crops such as rice and spinach are well 
understood. Rice is a short day plant and rice ear formation is delayed by night-time 
light. This effect is believed to be the strongest from 20 - 40 days before ear 
formation so it is necessary to be careful when setting up lighting installations on 
roads in the vicinity of rice paddies and similar crops. 
(ii) Livestock 
It is conceivable that inappropriate outdoor lighting may have a variety of effects on 
livestock, such as the disruption of physiological and metabolic functions of livestock 
and poultry, a decrease in production capacity, and abnormal behaviour in the 
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animals. Therefore, be sure to take the habits of the animals into consideration 
when setting up lighting close to livestock, etc. 
2. Light technical parameters re Environmental zones (E1:E4) 
The basis for differentiation of measurable light technical parameters is defined by 
Environmental zone (E1 through to E4 as indicated in section 8.10) 
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Appendix F:  Lighting reports for EIS submissions and 
referenced papers 
Proposed Port Botany Expansion Lighting Environmental Effects 
(copied from Shotbolt, 2002, 
http://www.sydneyports.com.au/__data/assets/pdf_file/0018/2772/App_Z.pdf) 
PROPOSED PORT BOTANY EXPANSION 
LIGHTING ENVIRONMENTAL EFFECTS 
For 
SYDNEY PORTS CORPORATION 
PO BOX 25 
MILLERS POINT NSW 
By 
BASSETT CONSULTING ENGINEERS 
6 November 2002 
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1 INTRODUCTION 
The purpose of this report is to examine the proposed Port Botany expansion in 
order to assess the impact of the new container terminal lighting on the airport and 
adjacent areas and to provide recommendations that address concerns raised 
during the investigation. The report will provide information on light spill including 
the extent and possible levels but does not consider what effect those changes will 
have on local ecology. The current operations at Brotherson Dock container 
terminals were used as a benchmark in assessing the likely impacts of the proposed 
facility. 
Concerns identified and addressed in this report include effects of light spill on the 
airport, residents both adjacent to and around the Bay as well as Penrhyn Estuary. 
The container terminals operate as follows: 
• Upon arrival ships wait at the Pilot Boarding Ground outside Botany Bay 
to be brought in and berthed. No ships are anchored within Botany Bay. 
• Ships are assisted by tug when arriving or departing Port Botany. 
• Containers are loaded or unloaded by quay crane from ship and dock. 
• Straddles or tractor/trailers and Rubber Tyred Gantries move containers 
from ship side to various storage areas around the terminal including 
loading onto road transport. 
• Containers transported by rail are handled by rail mounted gantries or 
forklift trucks. 
• Various vehicles move personnel around site. 
• The terminals operate 24hrs per day. 
2 METHODOLOGY 
Many aspects of the proposed development will be similar to the existing terminals 
at Brotherson Dock (North and South), particularly Brotherson Dock North (Patrick 
Terminal). It is therefore appropriate to assess the various aspects of current 
operating terminals and consider the findings in assessing the effects of the 
proposed development. 
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Similarly an assessment was made of the existing Port Botany lighting and its 
impact at various locations around Botany Bay. This information was used to 
indicate the magnitude of any potential effects from the proposed development. 
Issues raised and addressed during this process are summarised in the conclusion. 
3 EXISTING CONTAINER TERMINALS LIGHTING 
Both Brotherson Dock North (Patrick) and Brotherson Dock South (P&O Ports) have 
the general area lit by high pressure sodium lamps. This light source is a 
golden/yellow colour in comparison to whiter mercury vapour, metal halide or 
tungsten halogen lamps. High pressure sodium lamps are efficient, providing 120 
lumens per watt (more or less depending on lamp wattage) 
A list of lighting on existing container terminals is shown in Table 1 along with 
references to 
relevant Figures (photographs and diagrams). 
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TABLE 1  EXISTING CONTAINER TERMINAL (BROTHERSON DOCK NORTH) 
AND LIGHTING 
Item Type of Lighting 
Reference 
Figures 
Comments 
High Mast (a), 
(b) 
Floodlights horizontal 
front glass and or with 
shields. 
1, 2, 10  
Buildings (c) 
• External area flood 
lighting immediately 
adjacent. 
• Internal lighting. 
1  
Quay cranes (d) 
• Downlight – HID 
weatherproof high 
bays. 
• Access way 
fluorescent 
luminaires. 
• Rotating beacon 
lights when moving 
• Obstruction lights. 
3, 4, 5, 8, 10 
Difference between 
operating and 
parked 
Straddles (e) 
• Downlights – 
incandescent. 
• Headlights – usually 
tungsten halogen. 
• Rotating beacon 
lights. 
6,7  
RMG’s (f) 
• Downlights 
• Rotating beacon lights 
  
Roads (g) 
• Road lighting 
luminaires. 
  
Vehicles (h) 
• Headlights - usually 
tungsten halogen 
although some 
vehicles now using 
miniature HID. 
• Rotating beacon 
lights. 
 
Employees cars 
coming to and 
from. Trucks 
collecting and 
delivering cargo. 
Vehicles moving 
staff around site. 
Ships (i) 
• Floodlights from 
bridge and forward 
end. Lighting along 
handrails. 
9,10  
Trains (j) • Headlights.  
Along route of rail 
line when moving 
Navigation 
Lighting (k) 
• Navigation front and 
rear lead. 
11,12, 14, 17  
(a) Brotherson Dock North (Patrick) use flood lights with asymmetric distributions 
such that the front glass of the floodlight is 3 to 7 degrees above horizontal. Where 
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the floodlights are at 7 degrees, a front shield is fitted to ensure strict compliance 
with the primary areas requirement of Civil Aviation Regulation (CAR) 1998 and its 
predecessor. 
(b) Brotherson Dock South (P&O Ports) use floodlights that are not as 
asymmetric in distribution, the front glasses of floodlights are not horizontal and 
therefore appear brighter. Also, the terminal being completed at a later date, there 
was an increase in requirements for lighting level minimum standards. 
(c) Building mounted lighting of adjacent areas. This is an application that 
appears to have been added or changed at a later stage to meet developing needs. 
Floodlights seem to be aimed at much higher angles and are far more noticeable. 
(d) The Quay cranes are a luffing type and park the booms vertical when the units 
are not in use.   Quay cranes have three types of lighting considered for this report  
(i) The main lighting for moving containers etc is a series of large HID (High 
Intensity Discharge - usually high pressure sodium) weatherproof downlights 
mounted beneath the boom and along the line of travel of containers etc.  
(ii) Weatherproof fluorescent lighting of access stairs and gangways.  This is 
required for general access and emergency egress when the lift is not 
working.  These luminaires form patterns of light up and along Quay cranes.  
The luminaires in the existing arrangement would not comply with CAR 
1988, primary area restrictions and particularly when the luminaire is 
installed at angles of 45 degrees.  When booms are parked near vertical and 
that lighting circuit is not switched off they become a series of vertically 
mounted, unshielded fluorescent luminaires.  
(iii) Red obstruction lights.  
(e) Straddles take the containers from beneath the Quay cranes and place them 
throughout the container terminal.  There are many straddle units and they move all 
over the terminal.   Straddle units have downlights to illuminate the container 
beneath, headlights at low level for circulation and rotating beacon warning lights.  
(f) RMGS – Rail Mounted Gantry (RMG)and rubber tyred gantries (RTGs) are 
similar to (d) and (e) above in that they have downlights for the main working light 
and warning beacons, however, movement is clearly defined.  
(g) Road Lighting is generally minimal with no special characteristic such as cut off 
or back light shields.   
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(h) Vehicles – there are a variety of vehicles on site at any one time.  Whilst moving, 
the vehicles will use headlights and some will have rotating beacon warning lights.  
Queues of trucks wait along Penrhyn Road parked on the north road verge with 
lights off.  Employees vehicles come and go to the site.  
(i) Ships – this lighting is dependent on the ship.  Typically there are floodlights 
mounted on the bridge aimed down toward the deck and floodlights mounted on a 
foremast also aimed down towards the deck.  This lighting is usually only for 
working on the deck whilst loading and unloading cargo.  The floodlights are open 
faced type and aimed at angles around 70 degrees above the horizontal.  These 
floodlights can be metal halide, mercury vapour or tungsten halogen.  
(j) Trains – On the night that a train movement was observed, no headlights were 
used within Brotherson Dock North.  
(k) Navigation Lighting – the main item is the lead channel marker lighting and the 
main entrance lead.  At Brotherson Dock the current end lead channel markers 
between Brotherson Dock North and South use an indirect lighting system.  It 
consists of angled reflectors, and vertically aimed narrow beam floodlights focussed 
on to the reflectors.  A navigation sector light is located on a 15m pole on the 
western end of Brotherson Dock. 
4 PROPOSED NEW CONTAINER TERMINAL AND ASSOCIATED AREAS 
LIGHTING 
As the proposed development will be closer to the parallel runway than Brotherson 
Dock North, there are a number of implications possibly requiring change to the way 
some activities are conducted or lit. 
The addition of more lighting in the area has the potential to affect the wildlife in 
Penrhyn Estuary.  More lighting also has the potential to impact on existing 
residential areas unless restrictions are applied. 
Floodlighting on board ships whilst berthed has the potential to be distracting and is 
less controllable than the general area container terminal lighting.  This needs to be 
assessed with respect to the parallel runway, residents and motorists. 
Table 2 shows a summary of the lighting expected to be associated with the 
proposed development.  
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TABLE 2 THE PROPOSED DEVELOPMENT AND LIGHTING 
Item Type of Lighting Reference 
Figures 
Comments 
High Mast 
• Floodlights horizontal front 
glass and or with shields. 
  
Quay cranes 
• Downlight – HID 
weatherproof high bays. 
• Access way fluorescent 
luminaires.  
• Rotating beacon lights 
when moving obstruction 
lights. 
 
Horizontal shuttle 
boom. 
Straddles 
• Downlights – 
incandescent.  
• Headlights – usually 
tungsten halogen.  
• Rotating beacon lights. 
6, 7  
Vehicles 
• Headlights - usually 
tungsten halogen 
although some vehicles 
now using miniature HID.  
• Rotating beacon lights. 
 
Employees cars 
coming to and 
from. Trucks 
collecting and 
delivering cargo. 
Vehicles moving 
staff around site. 
Trains • Headlights.   
Ships 
• Floodlights from bridge 
and forward end. Lighting 
along handrails. 
9, 10  
Navigation 
Lighting 
• Navigation front and rear 
lead. 
11, 17  
Buildings 
• External area flood 
lighting immediately 
adjacent. Internal lighting. 
1  
Roads •.Road lighting luminaires   
(a) Light Source 
The light source used could be with a white light source such as metal halide or a 
continuation of the existing high pressure sodium lighting.  
(i)  Metal halide has the advantage of considerably superior colour rendition.  The 
clarity of definition for container handling equipment operators is considerably 
enhanced compared to working with predominately orange containers under 
golden/yellow light.  This is noticeable where ships use metal halide light 
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sources to illuminate the deck in comparison to high pressure sodium.  Use of 
metal halide may improve work safety.  
(ii) High Pressure sodium has the advantages of higher luminous efficacy which 
means lower running cost for the same lighting design level and lamps will last 
longer so maintenance costs are reduced.  High Pressure Sodium is less likely 
to attract insects. 
Yellow light is used in outdoor applications to reduce the likelihood of insect 
attraction.  White light sources such as metal halide appear to attract insects for 
example those above the Sydney Harbour Bridge and various up-lit multi-storey 
buildings in Sydney.  Insects attract birds and birds can be a hazard to aviation.   
(b) Area lighting for container storage and general movement. 
Design considerations include light penetration down between container stacks 
which increases the number of poles depending on the height of the stacks 
considered.  The opposite consideration is the minimisation of obstructions such as 
lighting poles and the mass foundations associated with this type of application as 
well as the cost of each pole and associated structure.  With 3-high container 
stacks, poles spaced 100 to 120 metres apart appear to be acceptable.  6-High 
container stacks will require poles at closer spacing to obtain the required light 
penetration down between stacks.  If the number of poles increases this does not 
translate into a directly proportional increase in lighting as the average horizontal 
illuminance requirement will remain the same.  In some locations the increase will 
be 10 to 15 percent and in other areas there will be no change.  The current 
expectation for lighting is a maintained average horizontal illuminance at ground 
level of 50 lux in the main storage areas and 25 lux in the secondary areas.   
(c) Sydney airport, its proximity and the implications. 
The airport of Sydney operates a limited number of hours at night.  Sydney Airport 
Corporation Limited determines whether or not a runway is operating and 
Airservices Australia provide the air space control to pilots directing them towards 
the appropriate runway.  The decision to land or abort and re-try is made by the 
pilot.  Control of air traffic on the ground and up to one minute after take off or 
before landing is directed from the control tower. 
The Civil Aviation Safety Authority (CASA) is the overall regulatory authority and 
restricts any lighting in the vicinity of an airport that might prevent the easy 
identification of a runway, particularly for landing.  The closest runway to the 
proposed development is the parallel runway R34/L16.  CASA provide “Advice to 
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Lighting Designers” for “Lighting in the vicinity of aerodromes”  The advice provides 
restrictive zones within a general 6 kilometre radius of a runway and in particular 
four primary zones (A, B, C, D) concentric to the runway axis.  This information is 
shown superimposed on drawing 5226-L01 (Appendix A). 
An eighteen metre wide strip of the proposed container terminal dock lies within 
zone D.  This means that the quay cranes and berthed ships are in Zone D.  Lead in 
navigation lights would be in Zone C. 
(i) High Masts – asymmetric distribution horizontal flat glass floodlights are required 
to optimally comply with CASA requirements and have maximum lighting efficiency 
directing all light down to the intended application area.  Mast heights similar to 
those on Brotherson Dock North (40m) are within the height restrictions required.  
(ii) Quay cranes – height restriction require the use of shuttle boom quay cranes  
(refer Figure 16).  
•  The main downlight type task lighting will meet all CAR 1988 restrictions.  
•  The access/egress stairs and gangways will not comply with requirements 
if the same weatherproof fluorescent arrangement is used as per the 
existing luff type quay cranes.  Luminaires for this purpose can still be 
weatherproof fluorescent but must be mounted horizontal (no tilt) and have 
internal shielding of the lamps to ensure correct cut off.  This design criteria 
is not expected to raise any operational concerns. 
•  Obstruction lights required.  
(iii) Straddles – straddles will move mostly in the secondary zone but will pick up 
containers from beneath the quay cranes, thus entering Zone D for this period.  
The main task downlights will comply with CAR 1988 zones but the headlights 
and rotating beacon lights require consideration. 
(iv) RMGs will only operate in the secondary zone lighting restriction.  Their lighting 
is similar to straddles.  
(v) Buildings and associated areas – external associated areas should be lit with 
floodlights that have a similar cut-off lighting performance to those mounted on 
the high mast.  Internal building lighting is unlikely to be any more distracting 
than that used at the airport terminal.  Generally ceiling mounted lights with a 
downward throw are appropriate.  Up-lights only to be used in areas where 
there is no direct views through windows.  
(vi) Roads – cut off type road lighting luminaires to be used where-ever possible.  
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(vii) Rail – The head light on any train will be in the secondary airport restriction 
zone and is unlikely to be more or less distracting than currently on Brotherson 
Dock North.  This is a transitory source. Where the proposed line is parallel to 
Foreshore Road there is a potential for distraction to motorists although this is 
no different to any other situation where rail lines run parallel to roadways. Light 
from any train movements will affect the vegetation area and wildlife either side 
of the track albeit a transitory source.  
(viii) Ships – Once berthed the floodlights on ships are used to providing working 
light on deck.  Ships on the north/south berths will be in zone D.  The details of 
floodlights and their aiming will vary from ship to ship.  The brightest light source 
is likely to be 1.5 to 2 kW metal halide in a symmetric distribution.  There is 
potential to affect use of the airport, as well as motorists on Southern Cross 
Drive, motorists on Foreshore Road and residents in Botany.  
As the lighting on board ships is not mounted on the highest point on a ship but 
usually somewhat lower as shown in figures 9 and 10, the anticipated mounting 
height relative to the dock for the larger ships will be approximately 20 to 25 
metres.  This is considerably lower than the highmast lighting at 40 metres and 
it is expected that the existing vegetation belt will form an effective screen for 
residents. 
If the on board ship lighting is aimed like conventional floodlighting of a playing 
field where the peak intensity is 65 to 70 degrees up from the nadir, the lighting 
will be no more distracting to motorists along Foreshore Road than conventional 
playing field lighting anywhere else in the metropolitan area where it is set back 
500 metres off the road.  In addition there will be varying degrees of screening 
by vegetation and the road is straight and flat.  
The situation is different for motorists travelling southward along Southern Cross 
Drive.  Motorists travel up the fly-over over Botany Road, round a bend and over 
a rise.  At this moment motorists would have a clear view of any northward 
aimed floodlights on board ships.  The comments in the paragraph above are 
applicable, however, this time the distance to the light source is some 2.3km.  In 
winter it will be night-time during peak traffic.  In peak traffic vehicle flow has a 
tendency to back-up where the lanes merge resulting in a sudden deceleration 
for motorists entering the area.  If a drivers’ attention is distracted by the 
apparent sudden appearance of a bright light source(s) at the wrong moment 
there is the potential for an accident.  There is an example of this a little further 
along on the new link to the M5.  As a motorist leaves Southern Cross Drive 
 
Unwanted lighting effects at night in Australia 
385 
going southwards and proceeds up the fly-over over Southern Cross Drive and 
round the bend, lighting of the St George Soccer Club playing fields is quite 
distracting.  This lighting is less than 1km distant and there are many more 
floodlights than those mounted on the bridge of a ship, therefore the brightness 
impact is much greater.  If the floodlighting on board ships is properly aimed a 
scenario similar to that of the St George Playing Fields is unlikely.  
Unless floodlights on board ships are of the asymmetric type and the front 
glasses are no more than 3 degrees above the horizontal they will not comply 
with the requirements of CAR 1998 restrictions.  The floodlights shown in 
Figures 9 and 10 do not comply and there currently is no control over lighting on 
board ships. 
CASA rely on their own assessment of existing installations and complaints 
raised by any pilot as a practical determination of whether or not lighting in the 
vicinity of aerodromes is acceptable.  Existence of a non-compliant lighting 
installation elsewhere is not deemed grounds for approval of another non-
compliant installation.  
It is not practical for the airport to divert traffic from the parallel runway between 
sunset and curfew because there would be loss of business.  Likewise, it is not 
practical for the proposed container terminal to reduce activity rate on board 
ships between sunset and airport curfew because of loss of productivity. An 
assessment should be made from the air, of Brotherson Dock North with ships 
at berth.  This is as close as possible to a full scale mock-up of the proposed 
development as the proposed highmast lighting will be very similar and a 
number of ships can be berthed at one time. 
Some options include:  
• Lighting on board ships whilst berthed to be provided mostly by the shuttle 
boom quay cranes with supplementary lighting on board only being 
provided where necessary.  
• Ships berthed facing a specific direction, that is, north or south and using 
floodlights mounted on the bridge only.  The fly-over mentioned above 
would provide valuable information on the appropriateness of this option.  
• Provide restrictive temporary shielding to any permanent ship mounted 
floodlights if used whilst docked.  
(ix) Navigation – channel alignment can be achieved by either front and back 
lead markers or by a single unit which is precisely optically controlled and also 
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filtered internally to produce distinct bands of light (red, white and green).  The 
markers can be mounted on a pole or on a building of an appropriate height for 
visibility from the bridge of ships.  
Commercial products are available (such as Vega PEL sector lights – refer Fig 
40) that will ensure nil light at 3 degrees above the horizontal whilst providing 
well defined bands of light in the horizontal.  Only one PEL sector light is 
required.  Different lamp wattages provide different intensities for operation 
depending if the light is meant to be seen by day or by night.  Brighter intensities 
apply to day-time operation.  (Refer also to residential (d)(ii)).  This technology is 
already in use in the vicinity of both the north south runway and the parallel 
runway.  
(x) Associated Areas – Areas such as tug berths and public boat ramps will be 
well lit whilst complying with light restriction above the horizontal with the 
appropriate selection of luminaries from the diversity available on the market.   
(d) Effects on occupants and users of buildings in view of the proposed 
development. 
It is assumed that industrial and commercial premises are unlikely to be affected 
in the same manner as residential and nursing care venues.  The latter two being 
the critical considerations and subject as a minimum to the requirements of 
AS4282 – 1997 Control of the obtrusive effects of outdoor lighting. 
There are two groups, namely those closest in suburb of Botany and the second 
being those some kilometres distant around the shores of Botany Bay.  
(i)  Botany Residents – There are two potential sources of unwanted light. 
One is light falling on adjacent properties.  Direct light can be calculated 
with computer software and measured on-site with an illuminance meter.   
Calculations (Appendix B) show that there will be strict compliance with 
AS4282 – 1997.  There will be no measurable direct light spill in the vicinity 
of residences in Botany using horizontal front glass asymmetric floodlights.   
The second consideration is a view of the lit luminaire.  With high mast 
lights at 40 metres there will be situations where some residences would be 
able to view light sources.  Figure 29 shows four areas likely to be affected 
and lists the types of residential housing.  Fig 20 shows a general daytime 
view from midway along Brotherson Dock North and taken at a height of 
approximately 28 metres.  The proposed light masts for the new container 
terminal have floodlights at heights of 40m and closer in proximity, therefore 
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slightly more housing will be exposed than shown in the photographs.  
Figures 20 to 22 inclusive provide enlarged images of parts of Fig 19. 
Whilst AS4282 – 1997 places limits on the luminance of floodlights after 
curfew, it will be more appropriate to eliminate this potential obtrusive effect 
all together.  The visibility of the lit floodlights can be eliminated by a shield 
of 5 degrees fitted to each floodlight (refer Figure 39).    
Similar consideration should be given to quay crane lighting due to the 
mounting height of luminaries relative to residences and screening.  
(ii)  Botany Bay Foreshore Residents.  Due to the distances involved only 
luminance of light sources are a potential issue.  A number of observation 
were made around Botany Bay as shown on drawing 5226-L01 (Appendix 
A).  Illuminance measurements include all lighting in the field of view, that 
is, both docks, the liquid storage areas, ship lighting, street lighting and 
building lighting.  With the total Ev values shown the contribution of just 
Brotherson Dock North would be insignificant.   
Photographs show from some observation points the different perspectives.  
Depending on whether an observer considers distant lighting to add to the 
sparkle of the city or detract from the visual amenity at that point the 
development would be acceptable or non-acceptable.  This is a personal 
choice.  Luminance measurements were made with a 1/3rd degree 
luminance metre and the results are shown on drawings 5226-L01.  There 
is a clear difference in luminance between the high mast lights on 
Brotherson Dock North and Brotherson Dock South. 
The proposed development will add to the number of lights visible and the 
addition will be similar in brightness to Brotherson Dock North.  The 
brightest light sources will be the floodlights on ships (as seen in Figures 26 
and 28).   
Navigation lighting has the potential to affect a narrow sector of Botany Bay.  
If a PEL sector light is used and is focused such that it is visible from 
Kurnell, a day-time PEL sector light with apparent flashing will be distracting 
to residents at night at that distance due to the intensity of the light source 
(even with a night-time neutral density filter attachment).  The solutions 
include use of a night-time only PEL sector light which has a considerably 
lower intensity and or a combination of one day-time unit and one night-time 
unit operated accordingly.  Depending on the mounting height of the unit, 
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appropriate aiming will eliminate un-wanted views of this light source as the 
optical control is very precise restricting views to the target directions. 
(e) Effects On Penrhyn Estuary and Foreshore Beach. 
The Penrhyn Estuary and Foreshore Beach areas currently experience light from 
Port Botany and the existing Brotherson Dock North operation.   The light is 
primarily due to reflection from the atmosphere, however, at closer observation 
points there is reflection from the water surface when there is little or no wind 
(refer Figures 30 to 38).   An overcast night with very little wind similar to that of 
21st October when observations and measurements were made on Foreshore 
Beach and the Penrhyn Estuary, the indirect light reflected from the clouds 
overhead registered 0.45 lux as noted Fig 30.  This reflected component is from 
all the light sources in the vicinity of Port Botany and surrounding areas.  
Luminaires providing direct light into the atmosphere contribute the largest 
amount to indirect atmospheric effects (eg Caltex).  Figure 30 indicates that the 
indirect reflected component from all lighting in Port Botany is of the order of 0.5 
lux on the horizontal with a variation of 0.1 lux closer to Brotherson Dock North.  
At observation point 9 the difference between the total vertical illuminance from 
Botany Bay and that from Port Botany is 0.22 lux.  
Adding the proposed development has the potential to increase light spill onto 
Foreshore Beach with a lesser impact on Penrhyn Estuary.  Figure 40 shows the 
anticipated direct vertical light spill into this area.  If an indirect reflected 
atmospheric component is added to the direct component anticipated along 
Foreshore Beach (0.1 plus 0.6) that will provide values of the order of 0.7 lux in 
the vertical for areas closest to the proposed container terminal.  For people 
walking their dogs along the beach this may add to the sense of security whereas 
those wishing to enjoy a dark environment on the beach this will not be so 
advantageous.   
It is important to avoid the use of high mast lighting immediately adjacent as it will 
be virtually impossible to shield light from such installations.   
The road based activities shown in the proposal can help provide a buffer zone to 
the high mast lighting.  Lower poles with cut-off type road lighting luminaires and 
back-light spill shields are required,  Low mounting heights only require low 
wattage light sources, however, the number required is increased.  The effect will 
be to provide greater control over light spill.   
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Headlights from turning vehicles can be screened from shining across Penrhyn 
Estuary by a suitable height physical barrier and that barrier obscured with 
vegetation as it grows.    
5  CONCLUSION 
Lighting of the proposed development and lighting associated with operating a 
container terminal have the potential to be obtrusive to the environment and 
adjacent commercial, social and residential activities.   
That potential can be eliminated in some instances and substantially reduced in 
other aspects by adopting the following:   
1. Use high pressure sodium as the light source.  
2. General area and container storage area lighting to be provided by asymmetric 
floodlights installed with front glasses horizontal. Front glasses to have nil 
degrees tilt.  
3. Any floodlighting or other lighting from buildings or other structures to also be 
of asymmetric distribution and installed with the front glasses horizontal.  
4. High mast lighting and weatherproof HID downlights mounted on shuttle boom 
quay side cranes to have shields to eliminate any views of the lit luminaires by 
residents. 
5. The lighting of shuttle boom quay side crane access and egress steps and 
walkways to be with luminaires to be mounted and shielded to prevent any light 
above the horizontal.  
6. Any road lighting to be provided by luminaires mounted at low height and of 
the aero screened type with front glass installed horizontal. Light spill into 
Penrhyn Estuary and onto Foreshore Beach is to be avoided by the 
combination of positioning as well as using a luminaire which has no backward 
light spill if positioned along the eastern or northern boundaries.  
7. Physical barriers to be installed along the perimeter facing Foreshore Beach 
and Penrhyn Estuary to eliminate the intrusion of the light from headlights of 
turning vehicles.  
8. Navigation lighting for channel lead to be provided by a luminaire or 
luminaires that have very precise optical control such as the Vega PEL sector 
light system. Night time intensity to be of the order of 1% of daytime intensity 
and the luminaire is to be aimed to have no visibility to aircraft or to residents on 
the other side of Botany Bay. 
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9. Only ships working cargo to use deck floodlighting which is to be aimed down 
onto deck areas.  Whilst docked the combination of shuttle boom quay crane 
lighting and appropriate supplementary lighting to be developed according to 
section 4(c)(viii). 
REFERENCES 
1. Aviation Legislation, Rules and Practices for Aerodromes, Chapter 12, Section 1: 
Appendix I Lighting in the vicinity of aerodromes – Advice to lighting designers.  
August 1999 
2. Australian Standard AS 4282-1997 Control of the obtrusive effects of outdoor 
lighting. 
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APPENDIX A – IMAGES AND DIAGRAMS 
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APPENDIX B – CALCULATIONS OF ANTICIPATED DIRECT LIGHT SPILL 
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APPENDIX C – MEASURING INSTRUMENT DETAILS 
1. Luminance meter  
2. Illuminance meter 
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Anketell Port proposed development, Western Australia 
Copied from report (Shotbolt, 2012) except for change of headers and footers. 
List of Figures: 
Figure 1   Proposed Anketell Port Development 
Figure 2.  Field of View for Marine Turtles  (Witherington & Martin 2000) 
Figure 3.  LPS and HPS Spectra Superimposed Over Marine Turtle Orientation 
(Witherington and Bjorndal 1991, Philips Lighting 1987, 11) 
Figure 4   Turtle nesting locations in the vicinity of the proposed development 
Figure 5   Grey–tailed Tattler count in the vicinity of the proposed development 
Figure 6   Amber LED light source to light both the roadway and the conveyors.  RUUD Edge 
luminaires mounted on 3 metre poles and spaced along the roadways; mounted on 2.4 
metre poles and spaced along the conveyors.  Preliminary design allows for two conveyors 
and a road each side. 
Figure 7   General tug boat area lighting using amber LED 
Figure 8   Project road lighting typical luminaire 
Figure 9   Stock pile area typical luminaires 
Figure 10   Lay-down area typical luminaires 
Figure 11   Rail area typical luminaires 
Figure 12   Anketell port proposed development area shown as a pseudo-colour image (indicating 
modelled light levels ( ie illuminance units-lux)). 
Figure 13(a)  Calculated vertical illuminance values showing Islands which will have no practically 
measureable light spill from the proposed development (refer 13 (b), (c) (d) and (e) 
Figure 13(b)  Direct vertical illuminance (cumulative calculation) Dixon Island north side. 
Figure 13(c)  Direct vertical illuminance (cumulative calculation in lux) Bezout Island 
Figure 13(d)  Direct vertical illuminance (cumulative calculation in lux) Delambre Island 
Figure 13(e)  Direct vertical illuminance (cumulative calculation in lux) Hauy Island 
Figure 14   Pseudo colour image showing extend of influence of light spill in the vertical plane ( 
indicating modelled light levels ( i.e. illuminance units-lux)). Note that bright moonlight is 
0.25 lux and that the lowest measureable value with a quality illuminance meter is 0.01 lux.  
For greater detail around Dixon Island refer Figure 15. 
Figure 15   Detail lighting calculations around Dixon Island.  The nesting beach on the north side has 
zero light spill as the landform shields the beach whereas on the south side the maximum 
vertical illuminance towards Anketell Point is 0.009 lux noting that bright moonlight is 0.25 
lux and that the lowest measureable value with a quality illuminance meter is 0.01 lux.. 
Figure 16  Detail lighting calculations of Anketell Point around the Anketell Port proposal.  The diagram 
shows iso lux representations of light spill in the vertical plane at two different landform 
contour levels, the lower (blue) representing the coastal zone and the higher (red) 
representing an average at 6m elevation above the lower level. 
Figure 17  A representation of the reduction in direct upward light spill (refer 4.2.2) as a result of using 
asymmetric floodlights (a) on stacker/reclaimers as proposed in this model.  The vertical 
section calculation planes shown are the same length and height. 
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Executive Summary 
API is seeking environmental approval for the proposed multi-user Anketell Port on behalf of the State 
(and all potential users).  API’s proposal includes development of a causeway and loading wharf 
running north-northeast off Anketell Point, a 15.2km long shipping channel, four berth pockets, ore 
transport and storage infrastructure (including rail link) and construction and operations support 
infrastructure including desalination plant, power station and quarry.  The indicative location of key 
infrastructure components is presented in Figure 1. 
API is seeking environmental approval under Part IV of the Environmental Protection Act 1986 (State) 
and the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act).   The Public 
Environmental Review/draft Public Environment Report (PER/draft PER) document for the proposal 
was available for public review for ten weeks between 20 December 2010 and 28 February 2011. The 
Final Public Environment Report (Final PER) was published under the EPBC Act on 14 December 
2011.  Following their review of the Final PER, the Department of Sustainability, Environment, Water, 
Population and Communities (DSEWPC) responded to API on 3 February 2012 requesting further 
information on a number of issues.  One comment was as follows:  
“API should also conduct new light spill modelling of the varied proposal and implement appropriate 
adaptive management for Anketell Point (including surrounding beaches) and Dixon Island. This 
should also be conducted for Bezout Island and should include the cumulative lighting spectrum from 
the Cape Lambert port given its proximity to these islands as well. The results of new turtle surveys 
should be evaluated when assessing the impact of light spill in the project area.” 
AECOM have subsequently been engaged by API Management Pty Ltd to assess the potential for light 
spill from the proposed West Pilbara Iron Ore project development of Anketell Port (Stage 1, 100mtpa).  
The task is to determine the potential light spill by computer modelling the proposed development and 
relating that to marine turtle nesting sites at Anketell Point, at Bells Beach, and also at Bezout, 
Delambre, Dixon, Hauy and Legendre Islands. 
Also, a secondary subject to model is the potential light spill across the onshore area of Anketell Point 
to provide additional information regarding potential impacts to migratory bird roosting sites. 
The lighting is calculated using AGi32 Lighting design software.  Project background information is 
imported into AGi32 software from AutoCAD dwg files.  The different infrastructure components are 
based on and modified from previous work developed for Cape Lambert Port B.  The model includes 
lighting for : 
• The wharf and jetty both conveyor and road lighting plus some lighting for the ship loaders; 
• The tug boat harbour; 
• A transfer station close to the start of the causeway; 
• Some road lighting, mostly limited to road junctions; 
• Stockpile area lighting plus some stacker/reclaimer lighting, and; 
• Lay down area lighting. 
Lighting type, distribution and location have been assumed based on existing port infrastructure in the 
region and taking into account the guidance provided by EPA of WA Environmental Assessment 
Guidelines No 5, 2010.  Figures 12 through to 17 show the modelled light spill from the proposed 
Anketell port development. 
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The extent of light spill will depend on the choice of luminaires, their location and their aiming. Due to 
the proximity of sensitive areas such as Dixon Island marine turtle nesting beaches the most restrictive 
(lowest spill) luminaires have been selected based on proposed lighting at Cape Lambert Port B 
lighting.  This includes extensive use of amber LED luminaires and high pressure sodium luminaires 
mounted and aimed such that the front glass is horizontal to minimise any light spill and prevent direct 
upward light contributing to sky glow. 
Bright moonlight is on average taken to be 0.25 lux and is used as a benchmark in the absence of 
established thresholds on light and behavioural responses of the species.  The report typically shows 
iso-lux lines representing 0.1 lux plus orders of magnitude below that (0.01 and 0.001 lux).  Noting that 
good quality illuminance meters will only measure to two decimal places which means a  ± 0.005 lux 
accuracy. 
Figure 16 indicates the extent and potential value of direct light spill (direct illuminance) at various 
locations across Anketell Point based on the model of the proposed installation.  Two different levels of 
calculation plane are shown as noted in Figure 16 with one representing coastal zones and the other 
areas more inland.  The model shows less than 0.01 lux in the vertical at most locations including the 
south west mud flats. 
Dixon Island is the closest island and will be affected to some extent.  The marine turtle nesting 
beaches to the north side of the island will be in the shadow of the island and there will be no direct 
light spill onto this main beach.  The beaches on the south side of the island will have some direct light 
spill in the vertical plane towards Anketell Point as noted in 6.2.3. 
Most of the adjacent islands show no practically measureable direct light spill from the proposed 
development as noted in the various sections of the report. 
Bezout Island is outside the area of influence from the proposed Anketell Port development with 
vertical illuminance values indicted below 0.001 lux (refer Figure 13) and therefore of no measureable 
effect given the practical limits noted in section 7.  The cumulative (Anketell and Cape Lambert Port B 
models together) result indicates values of 0.002 lux which is contributed by Cape Lambert Port B 
development. 
Bells beach cannot have a cumulative vertical illuminance (refer 4.2.1) result because the Cape 
Lambert Port B development light sources are virtually in the opposite direction to those that would be 
positioned on the proposed Anketell development.  Therefore the maximum effect in the vertical plane 
for Bells beach from Anketell will be 0.001 lux.  Horizontal plane calculations can be cumulative from 
both developments as horizontal values are not azimuth orientation sensitive, however, the horizontal 
values (refer 4.2.1) will be 0.00 lux. 
Delambre , Hauy and Legendre Island cumulative vertical illuminance modelled results show 0.000 lux. 
A concern in regard to marine turtle hatchlings is mis-orientation by being directed away from the water 
as a result of being attracted to bright light sources behind a beach and dunes.  For Dixon Island 
luminaires will not be visible from the north side main beach.  For Bells beach Anketell Port 
development will be in the seaward direction.  Similarly for Delambre , Hauy and Legendre Islands, any 
proposed Anketell Port development lighting will be in the seaward direction from the respective 
islands 
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The computer models constructed for this analysis and report indicate that it is possible to minimise 
light spill to the surrounding area and minimise any direct contribution to sky glow by careful selection 
of luminaires and their appropriate positioning, aiming and screening. 
The sensitive period for the identified species of marine turtles is October through to April and for the 
migrating Grey-tailed Tattlers it is similar though starting earlier, August through to April.  The winter 
period, when night-time is the longest duration, less sensitivity may be permissible. 
Further, during detailed design development, relevant management and mitigation measures for the 
proposed development may include: 
• Careful placement and direction of lighting: all luminaires mounted as low in elevation as 
possible, 
• Use of shrouded or timed lighting, 
• Direct light spill of long wavelength (red) and high light intensity to be reduced as much as 
reasonably safely practicable, 
• Lighting along roadway and parking areas to horizontal cut-off asymmetric distribution type 
luminaires or alternatively shielded sodium lighting,  
• Assessment of the light-reduction design aspects adjacent to mapped roosting areas subject to 
safety in design and safe operational practice. 
It is recommended that during all stages of detailed design of the proposal light spill calculation checks 
will be required to show that, other than at Anketell Point, all turtle nesting beaches as shown in Figure 
4 are maintained in the shade at ground level or are not subject to direct light exceeding 0.001 lux 
(using 1.0 maintenance factor) from Port infrastructure or activities during the turtle nesting and 
hatching seasons defined as October to March in any year.   
Further, it is recommended that during construction, operations and decommissioning, the proponent 
shall ensure that, other than at Anketell Point, all turtle nesting beaches as shown in Figure 4 are 
maintained in the shade at ground level or are not subject to direct light from Anketell Port as 
measured on-sites (in the absence of moonlight) of values exceeding 0.01 lux ( ± 0.005 lux accuracy) 
using an illuminance meter which has been certified by a NATA registered laboratory (in the period up 
to the previous 12 months).  This applies to light directly from Anketell Port infrastructure or activities 
during the turtle nesting and hatching seasons defined as October to March in any year. 
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1 Introduction 
API is seeking environmental approval for the proposed multi-user Anketell Port on behalf of the State 
(and all potential users).  API’s proposal includes development of a causeway and loading wharf 
running north-northeast off Anketell Point, a 15.2km long shipping channel, four berth pockets, ore 
transport and storage infrastructure (including rail link) and construction and operations support 
infrastructure including desalination plant, power station and quarry.  The indicative location of key 
infrastructure components is presented in Figure 1. 
API is seeking environmental approval under Part IV of the Environmental Protection Act 1986 (State) 
and the Environment Protection and Biodiversity Conservation Act 1999 (Cth) (EPBC Act).   The Public 
Environmental Review/draft Public Environment Report (PER/draft PER) document for the proposal 
was available for public review for ten weeks between 20 December 2010 and 28 February 2011. The 
Final Public Environment Report (Final PER) was published under the EPBC Act on 14 December 
2011.  Following their review of the Final PER, the Department of Sustainability, Environment, Water, 
Population and Communities (DSEWPC) responded to API on 3 February 2012 requesting further 
information on a number of issues.  One comment was as follows:  
“API should also conduct new light spill modelling of the varied proposal and implement appropriate 
adaptive management for Anketell Point (including surrounding beaches) and Dixon Island. This 
should also be conducted for Bezout Island and should include the cumulative lighting spectrum from 
the Cape Lambert port given its proximity to these islands as well. The results of new turtle surveys 
should be evaluated when assessing the impact of light spill in the project area.” 
API subsequently commissioned AECOM to undertake light spill modelling for the amended 
development proposal, to determine the risk posed by the development proposal to turtle nesting in the 
region. 
2 Brief 
AECOM have been engaged by API Management Pty Ltd to assess the potential for light spill from the 
proposed West Pilbara Iron Ore project development of Anketell Port (Stage 1, 100mtpa).  The task is 
to determine the potential light spill by computer modelling the proposed development and relating that 
to marine turtle nesting sites at Anketell Point, at Bells Beach, and also at Bezout, Delambre, Dixon, 
Hauy and Legendre Islands. 
Also, a secondary subject to model is the potential light spill across the onshore area of Anketell Point 
to provide additional information regarding potential impacts to migratory bird roosting sites. 
3 Environmental Aspects 
3.1 Marine Turtles 
3.1.1 Summary of Issues 
The issues relating to marine turtles are as follows: 
1. Marine turtles return to habitat where they were born and prefer unlit beaches for 
nesting.   
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Figure 1  Proposed Anketell Port Development 
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1. Hatchlings can become both mis-orientated and disoriented by the brightness of light 
sources in their field of view (refer Figure 2) which can interrupt their sea-finding instincts 
resulting in death by exhaustion or by predation. 
2. Marine turtles are more sensitive to certain parts of the spectrum of electro-magnetic 
radiation being less sensitive to the red end longer wavelengths of the visible spectrum 
(refer Figure 3).  
3.1.2 Marine Turtle Nesting 
The nesting season (Bells Beach) starts late October ending late March (Salinovich, 2006, 2007).  
Hatchlings emerge from a nest approximately 7 weeks after egg laying regardless of the phase of the 
moon. However, the potential for electric light to interfere with hatchling orientation is least during the 
full moon due to the ambience of the environment, unless it happens to be heavily overcast weather 
and greatest during the dark period (new moon) (Witherington and Martin, 2000). 
Turtle nesting areas in the vicinity of the proposed development are shown in Figure 4 
3.1.3 Marine Turtle Field of 
View 
Hatchlings rely almost exclusively on 
vision to recognise the sea and “… both 
shape cues and brightness cues are 
important for correct seaward orientation 
in a variably lighted world.” Hatchlings 
typically orient “… in the brightest 
direction as it would be measured with a 
wide acceptance cone, approximately 
1800 horizontally.”- (Refer to Figure 2.)  
The vertical component “… was 
approximated to be “a few degrees” for 
green turtles and olive ridleys” and up to 
“300 above the horizontal for 
loggerheads” therefore “light closest to 
the horizon plays the greatest role in 
determining orientation direction.” 
(Witherington & Martin 2000) 
3.1.4 Marine Turtle Response 
to Light 
Green turtle light orientation response 
(phototropotaxis) is unaffected by 
wavelengths above 680nm and there is 
bordering indifference by Hawksbill turtles at 650nm with a slight increase in response at 700nm.  All 
species in the graph are sensitive to light in the blue and high UV end of the spectrum (down to 
350nm) refer Figure 3. 
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It is noted (EPA of WA Guideline 5) that Flatback and Green turtle hatchlings respond to light of 
different wavelengths in a similar manner).  There was a stronger response to fluorescent and metal 
halide light sources than there was to high pressure sodium. 
Witherington and Martin (2000) documented a reduction in nesting attempts by adult females under 
white mercury vapour lighting. 
3.1.5 Natural Night Lighting 
3.1.5.1 Clear Night, Moon and Stars 
The moon and the stars: measuring illuminance from stars only on a clear night is beyond the practical 
limits of many commercially available illuminance meters and is at least 2 or more orders of magnitude 
below moonlight and remains in the province of astronomical observation.  Moonlight is measurable 
and quite noticeable to the human visual system as well as marine turtles. 
3.2 Migratory Birds 
3.2.1 Sites considered important 
Sites considered important to migratory waders include those that regularly support greater than 1% of 
the flyway population of a species (Ramsar Convention 2000).  Numbers of the Grey-tailed Tattler 
recorded (AECOM 2011) from the proposal area and surrounds exceeded this threshold during 
surveys conducted in October 2010 (low tide count 501 birds, high tide count 662 birds) and January 
2011 (low tide count 399 birds, high tide count 641 birds)( refer Figure 5). 
3.2.2 Grey-tailed Tattler information (DSEWPC) 
The Grey-tailed Tattler breed in northeast Siberia migrating to areas including Australia.  The Grey-
tailed Tattler arrives in Australia during August and return to their breeding grounds in April. 
Diet includes polychaetes, molluscs, crustaceans, insects and occasionally fish.  Food is found by 
foraging in shallow water and on hard intertidal substrates such as reefs and rock platforms. 
The birds roost in the branches of mangroves, on rocks, also sand-dunes but rarely on bare sandy 
beaches or sand banks (refer DSEWPC).  Within the Anketell Point area they have also been recorded 
roosting within upper-littoral salt flats. 
3.2.3 Response to electric lighting at night 
Migratory waders are adapted to natural changes associated with the day and night cycle as well as 
the night-time phase of the moon. Artificial lighting has the potential to displace migratory birds from 
preferred roosts, or may create a constant level of light at night that can affect behaviour (including 
attraction) and migration related orientation (Poot et al., 2008, Wiese et al., 2001). Migratory waders 
may also use lighting from natural sources to orient themselves during migration (Poot et al., 2008).  
The amount of research and bank of knowledge relating behavioural response to electric light in the 
environment is considerably less than that associated with some marine turtles.  
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 Figure 4  Turtle nesting locations in the vicinity of the proposed development (adapted from API 2011). 
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4. Methodology 
4.1 Project Analysis 
The project has a number of stages.  The first stage is to establish within the model the locations of the 
various areas of interest and build the landform in 3D for critical areas such as adjacent nesting 
beaches.  The second stage is creating the project infrastructure and super imposing that over the 
landform model.  The third stage is running the model.  The fourth stage is analysing and reporting the 
results. 
4.2 Computer Model 
4.2.1 Direct Model 
The lighting is calculated using AGi32 Lighting design software.  Project background information is 
imported into AGi32 software from AutoCAD dwg files.  The different infrastructure components are 
based on and modified from previous work developed for Cape Lambert Port B.  The model includes 
lighting for : 
 The wharf and jetty both conveyor and road lighting plus some lighting for the ship loaders; 
 The tug boat harbour; 
 A transfer station close to the start of the causeway; 
 Some road lighting, mostly limited to road junctions; 
 Stockpile area lighting plus some stacker/reclaimer lighting; 
 Lay down area lighting. 
The model calculates the direct light component only from the lighting imported into the model.  Whilst 
the software is capable of also calculating the reflected component of light from surfaces, that aspect is 
not practical in this kind of application for a number of reasons, namely; 
I. The reflectance of the multitude of surfaces and their location throughout the landscape are 
unknown. 
II. The model assesses the contribution from many hundreds of luminaires towards each 
individual area of concern, the addition of such extra and relatively minor light sources (that is 
inter-reflection from surfaces) is beyond the memory capability of the software and unlikely to 
significantly affect the outcome. 
Maintenance factor of 1.0:  Normally for the purpose of minimum maintained lighting a maintenance 
factor allowance is provided (e.g. 0.7) to account for the loss of light as the hours of use increase.  
However, for a light spill assessment, no maintenance allowance is used to reduce the predicted light 
spill as it is important to know the maximum potential light spill. Hence maintenance factor of 1.0. 
Light spill in the vertical plane is the most important as it represents light at the plane of the eye and 
light spill in the vertical plane always extends further than that in the horizontal plane.  Light spreading 
out from an installation and travelling almost horizontally (assumed straight lines as rays) will always 
have a higher value measured on a vertical wall facing that installation than on the ground (horizontal) 
at the same location.  If there was 10 lux at a point in space some distance from the installation and   
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Figure 5  Grey–tailed Tattler count in the vicinity of the proposed development 
(adapted from API 2011). 
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the light was striking a vertical plane (wall) virtually perpendicularly then the cosine of the angle of 
incidence would be virtually 1.0 and therefore the vertical illuminance would be 10 lux.  However, at the 
same point (same distance, same azimuth but on the horizontal plane) on the ground the angle of 
incident light is virtually 90 degrees ,, that is, the cosine of the angle is virtually zero which means the 
value of illuminance on the horizontal at that point is 0.0 lux.  The orientation of the vertical plane is 
important in determining the calculated value and wherever possible the orientation has been directed 
to calculate the maximum likely values but due the very large distances a also the large areas of Cape 
Lambert Port B and the proposed Anketell Port development and the need to summarise very large 
amounts of information into simple diagrams it is not possible to ensure that for every calculated point 
is optimum therefore results should be taken as a prediction of trends in extent of influence and cut-off 
of direct light. 
4.2.2 Sky Glow 
Sky glow is a combination of electric light and the presence of particulates in the atmosphere. Light 
reflects and refracts from moisture vapour and dust etc. making the sky appear to glow.  Light in the 
atmosphere can be direct and/or reflected with the strongest influence being direct light. 
A local sky glow effect requires very strong direct upwards light into the atmosphere and the presence 
of moisture and or dust.  A more pervasive and commonly known sky glow is an effect seen from some 
distance at viewing angles close to the horizontal. 
The AGi32 lighting design software used in this modelling does not have any algorithms that provide 
for estimations of sky glow nor is there currently any known commercially available software that can 
provide that information.  However, it is possible to provide an indication of direct light upwards into the 
atmosphere.  The illuminance value combined with the density of moisture and/or particulate matter; 
plus the reflective characteristics of the particulate matter and the layering or height of that 
atmospheric matter and how those factors relate to a given brightness appearance from specified 
distances is unknown.  It is therefore not possible to provide a computation providing a value that can 
be related to sky-glow.  It is possible to show if there is direct light upwards and calculate figures that 
indicate a value of illuminance at a locations repeating that over a specified grid. , that is, achieved by 
taking a representative vertical section through the project and showing the calculated results and 
interpolated isolux contours providing a sense of what is happening (refer Figure 17). 
5 Assumptions 
Lighting type, distribution and location have been assumed based on existing port infrastructure in the 
region and taking into account the guidance provided by EPA of WA Environmental Assessment 
Guidelines No 5, 2010. 
Estimates of infrastructure and lighting are based on the best available information as noted above and 
calculation results depend on the accuracy tolerances of the software algorithms.  Also AS/NZS 
3827.1:1998 lighting system performance – Accuracies and tolerances Part 1: Overview and general 
recommendations. 
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6 The Model Components 
6.1 Landforms 
Landform information (contours) has been entered into the model based on current landform, although 
areas of proposed cut or fill have been considered. 
6.2 Infrastructure and Lighting 
The infrastructure general arrangement was entered into the model as per AECOM layout Plan 
60220312-SK-211 (dated 2nd Feb 2012 and PAN-5100-CI-DRG-1001 Rev A). 
6.2.1 Wharf and Jetty (Causeway) 
Lighting consists of: 
 
Figure 6  Amber LED light source to light both the roadway and the conveyors.  
RUUD Edge luminaires mounted on 3 metre poles and spaced along the roadways; 
mounted on 2.4 metre poles and spaced along the conveyors.  Preliminary design 
allows for two conveyors and a road each side.  Roadway lighting may not be 
required but has been within this modelling to present a ‘worst case’. 
6.2.2 Tug Boat Harbour 
Lighting consists of: 
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6.2.3 Transfer Station 
Lighting consists of: 
High pressure sodium lamps (70W) mounted on the structure at different levels.  At this time it has 
been assumed that a transfer station may be located in the vicinity of the beginning of the causeway.  
For the purpose of this modelling luminaires have been arranged at some typical heights and zero 
shielding has been assumed (worst case assumption).  Whilst a transfer station may also have 
fluorescent luminaires for emergency it has been assumed that they will normally be off unless a power 
failure in which case the high pressure sodium lamps will not be working.  Therefore the impact of any 
fluorescent luminaires will be temporary and minor. 
6.2.4 Road Lighting 
Lighting consists of: 
Flag lighting only: a luminaire is provided opposite road 
intersections.  Close to the foreshore amber LED in 
RUUD Edge luminaires on 3m poles have been provided 
(similar to the road along the causeway). 
6.2.5 Stock Pile Area 
Lighting consists of: 
 
Figure 8  Project road lighting typical 
luminaire 
 
 
 
Unwanted lighting effects at night in Australia 
429 
Asymmetric distribution floodlights all high pressure sodium.  On a stacker/reclaimer an allowance has 
been made for one 1kW floodlight and one 400W floodlight mounted on the top of the equipment at 
approximately 30 metres.  Two stacker/reclaimers have been included. 
 
 
6.2.6 Lay Down Area 
Lighting consists of: 
Asymmetric distribution floodlights all high pressure sodium.  An allowance has been made for one 
400W floodlight mounted on a pole; with a total four poles. 
 
 
 
 
 
 
6.2.7 Rail Unloader etc. 
Lighting consists of: 
Asymmetric distribution floodlights all 400W high pressure sodium mounted on 18m poles, two 
horizontally opposed floodlights (i.e. back to back) on each pole.  An allowance has been made based 
on rail enhancement works for Cape Lambert Port B. 
   
Figure 10  Laydown area typical luminaires 
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7 Calculation Results 
The following information is relevant when reviewing the numerical results: a) Bright moonlight is on 
average taken to be 0.25 lux and is used as a benchmark in the absence of established thresholds on 
light and behavioural responses of the species, and b) Good quality illuminance meters will only 
measure to two decimal places which means ± 0.005 lux accuracy for the last digit. 
7.1 Anketell Point 
Figures 12 through to 17 show the modelled light spill from the proposed Anketell port development.  
Light spill in the vertical plane is the most important as it represents light at the plane of the eye and 
light spill in the vertical plane always extends further than that in the horizontal plane.  Illuminance in 
the vertical plane has been calculated for the purpose of this spill light analysis.  The extent of light spill 
in the horizontal plane will be considerably less that any of the following vertical calculation results 
(refer  4.2.1). 
As would be expected the highest light spill is predicted immediately adjacent the development where 
the causeway complete with lighting crosses the shoreline (Figure 16). 
 
Figure 11  Rail area typical luminaires 
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Figure 14  Pseudo colour image showing extend of influence of light spill in the 
vertical plane (indicating modelled light levels ( i.e. illuminance units-lux)). Note 
that bright moonlight is 0.25 lux and that the lowest measureable value with a 
quality illuminance meter is 0.01 lux.  For greater detail around Dixon Island refer 
Figure 15. 
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7.2 Adjacent Areas 
7.2.1 Bells Beach 
The calculation predictions based on the lighting as noted above shows 0.001 lux in the vertical at this 
location in the direction towards Anketell Point. 
7.2.2 Bezout Island 
The calculation predictions based on the lighting as noted in the report above shows 0.000 lux in the 
vertical at this location from Anketell with a cumulative value (Anketell and Cape Lambert Port B 
modelled together) of 0.002 lux. 
7.2.3 Delambre Island 
The calculation predictions based on the lighting as noted in the report above shows 0.000 lux in the 
vertical at this location both directly from Anketell and as a cumulative result combined with a Cape 
Lambert Port B model. 
7.2.4 Dixon Island 
The results vary:  On the north side of the island the nesting beach is shielded by the dunes and this is 
shown in Figure 6.with zero light spill.  On the south side of the island there will be some light spill in 
the vertical direction towards Anketell Point with a maximum direct component of 0.009 lux. 
7.2.5 Hauy Island 
The calculation predictions based on the lighting as noted in the report above shows 0.000 lux in the 
vertical at this location from Anketell and as a cumulative result combined with a Cape Lambert Port B 
model. 
7.2.6 Legendre Island 
The calculation predictions based on the lighting as noted in the report above shows 0.000 lux in the 
vertical at this location.  The cumulative result for Hauy Island is 0.000 lux and as Legendre is in the 
same direction from both Cape Lambert Port B and Anketell but even further distant from the light 
sources that result will also be 0.000 lux without calculation required. 
8 Discussion of Results 
8.1 Marine Turtles 
8.1.1 Anketell Point 
The extent of light spill will depend on the choice of luminaires, their location and their aiming. Due to 
the proximity of sensitive areas such as Dixon Island marine turtle nesting beaches the most restrictive 
(lowest spill) luminaires have been selected based on proposed lighting at Cape Lambert Port B.  This 
includes extensive use of amber LED luminaires and high pressure sodium luminaires mounted and 
aimed such that the front glass is horizontal to minimise any light spill and prevent direct upward light 
contributing to sky glow. 
The extent of light spill in the horizontal plane will be considerably less that any of the results shown.  
Light spill in the vertical plane is the most important as it represents light at the plane of the eye and 
light spill in the vertical plane always extends further than that in the horizontal plane (refer 4.2.1). 
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As expected areas on Anketell Point immediately adjacent the proposed development will have the 
highest levels of light spill. 
8.1.2 Adjacent Areas 
Most of the adjacent islands show no practically measureable direct light spill from the proposed 
development as noted in the various sections of the report above. 
Dixon Island is the closest island and will be affected to some extent.  The marine turtle nesting 
beaches to the north side of the island will be in the shadow of the island and there will be no direct 
light spill onto this main beach.  The beaches on the south side of the island will have some direct light 
spill in the vertical plane towards Anketell Point as noted in 6.2.3. 
Bezout Island is outside the area of influence from the proposed Anketell Port development with 
vertical illuminance values indicted below 0.001 lux (refer Figure 13) and therefore of no measureable 
effect given the practical limits noted in section 7.  The cumulative (Anketell and Cape Lambert Port B 
models together) result indicates values of 0.002 lux which is contributed by Cape Lambert Port B 
development. 
Bells beach cannot have a cumulative vertical illuminance (refer 4.2.1) result because the Cape 
Lambert Port B development light sources are virtually in the opposite direction to those that would be 
positioned on the proposed Anketell development.  Therefore the maximum effect in the vertical plane 
for Bells beach from Anketell will be 0.001 lux.  Horizontal plane calculations can be cumulative from 
both developments as horizontal values are not azimuth orientation sensitive, however, the horizontal 
values (refer 4.2.1) will be 0.00 lux. 
Delambre, Hauy and Legendre Island cumulative vertical illuminance modelled results show 0.000 lux. 
A concern in regard to marine turtle hatchlings is mis-orientation by being directed away from the water 
as a result of being attracted to bright light sources behind a beach and dunes.  For Dixon Island 
luminaires will not be visible from the north side main beach.  For Bells beach Anketell Port 
development will be in the seaward direction.  Similarly for Delambre, Hauy and Legendre Islands, any 
proposed Anketell Port development lighting will be in the seaward direction from the respective 
islands. 
8.2 Migratory Birds 
8.2.1 Anketell Point 
Figure 16 indicates the extent and potential value of direct light spill (direct illuminance) at various 
locations across Anketell Point based on the model of the proposed installation.  Two different levels of 
calculation plane are shown as noted in Figure 16 with one representing coastal zones and the other 
areas more inland.  The model shows less than 0.01 lux in the vertical (towards Anketell Port proposed 
infrastructure lighting as modelled) at most locations including the south west mud flats. 
Studies indicate that some species of migratory birds are affected by long wavelength red light based 
on recorded mortalities associated with red warning lights attached to high communication towers.  
The presence of a helipad on the proposed development is likely to require red hazard lighting on 
adjacent structures (such as the proposed desalination plant and perhaps the fuel storage area).  The 
adjacent structures are unlikely to be as high as major communication towers.  Also there will be other 
lighting in the vicinity and whether or not any of that reduces the likelihood of interference with bird 
migration is unknown. 
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9 Conclusion 
The sensitive period for the identified species of marine turtles is October through to April and for the 
migrating Grey-tailed Tattlers it is similar though starting earlier, August through to April.  The winter 
period, when night-time is the longest duration, less sensitivity may be permissible. 
Light spill in the vertical plane is the most important as it represents light at the plane of the eye and 
light spill in the vertical plane always extends further than that in the horizontal plane (refer 4.2.1).  The 
extent of light spill in the horizontal plane will be considerably less that any of the results shown. 
Bright moonlight is on average taken to be 0.25 lux and is used as a benchmark in the absence of 
established thresholds on light and behavioural responses of the species.  The report typically shows 
iso-lux lines representing 0.1 lux plus orders of magnitude below that (0.01 and 0.001 lux).  Noting that 
good quality illuminance meters will only measure to two decimal places which means a  ± 0.005 lux 
accuracy. 
The computer models constructed for this analysis and report indicate that it is possible to minimise 
light spill to the surrounding area and minimise any direct contribution to sky glow by careful selection 
of luminaires and their appropriate positioning, aiming and screening. 
Further, during detailed design development, relevant management and mitigation measures for the 
proposed development may include: 
 Careful placement and direction of lighting: all luminaires mounted as low in elevation as 
possible, 
 Use of shrouded or timed lighting, 
 Direct light spill of long wavelength (red) and high light intensity to be reduced as much as 
reasonably safely practicable, 
 Lighting along roadway and parking areas to horizontal cut-off asymmetric distribution type 
luminaires or alternatively shielded sodium lighting,  
 Assessment of the light-reduction design aspects adjacent to mapped roosting areas subject 
to safety in design and safe operational practice. 
10 Recommendations 
During all stages of detailed design of the proposal light spill calculation checks will be required to 
show that, other than the at Anketell Point, all turtle nesting beaches as shown in Figure 4 are 
maintained in the shade at ground level or are not subject to direct light exceeding 0.001 lux (using 1.0 
maintenance factor) from Port infrastructure or activities during the turtle nesting and hatching seasons 
defined as October to March in any year.   
Further, during construction, operations and decommissioning, the proponent shall ensure that, other 
than at Anketell Point, all turtle nesting beaches as shown in Figure 4 are maintained in the shade at 
ground level or are not subject to direct light from Anketell Port as measured on-sites (in the absence 
of moonlight) of values exceeding 0.01 lux ( ± 0.005 lux accuracy) using an illuminance meter which 
has been certified by a NATA registered laboratory (in the period up to the previous 12 months).  This 
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applies to light directly from Anketell Port infrastructure or activities during the turtle nesting and 
hatching seasons defined as October to March in any year. 
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Alcan Gove Alumina Refinery Expansion Project 
This section includes a copy of the URS Australia draft environmental impact 
statement section 18 Lighting:  The URS Australia draft environmental impact 
statement section 18 Lighting summarises the Bassett Consulting Engineers 
investigation and report provided by T Shotbolt. 
The Bassett Consulting Engineers report was included in full in Appendix G of the 
URS Australia EIS document but only parts of that Bassett Consulting Engineers 
report have been included in this example of EIS submission lighting reports 
sufficiently to illustrate some aspects that are different from typical lighting 
assessment reports of the time.  Table 2 is included to illustrate the integrity of the 
site investigation and also contains most of the information used to generate Figure 
18.4.1 shown in the URS Australia document. 
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Spectral analysis of light 
A spectroradiometer and operator were hired from the CSIRO and included on the 
field trip.  Preliminary spectral results showed differences from different light 
measurement locations as indicated in Figures 7.1, 7.2 and 7.3.  With this one 
venue there was a clear shift in spectral composition as the location of the 
observation point changes relative to the venue. 
Unfortunately it transpired that the instrument was not nearly sufficiently sensitive 
for the majority of locations as the background noise signal noise rendered the 
information unusable (refer Figure 7.4 for three examples).  Future field work would 
require a much more sensitive instrument. 
 
 
 
Figure 7.1  Predominantly high pressure sodium radiant energy source. 
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Figure 7.2  Predominantly metal halide with a small amount of high pressure 
sodium and mercury vapour radiant energy sources.  
 
Figure 7.3  Predominantly mercury vapour with some high pressure sodium and 
fluorescent radiant energy sources LM18 
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Figure 7.4  Spectral energy recordings at three locations (LM17, LM24, LM47) illustrating 
unacceptable instrument noise influencing the results. 
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Outdoor Electric Lighting and the Smaller Deceptively 
Insignificant Elements of Our Biosphere 
Outdoor Electric Lighting and the Smaller 
Deceptively Insignificant Elements of Our 
Biosphere. 
Tim Shotbolt BBldg MBdgSc FIES RLP 
Associate (Senior Lighting Engineer) Bassett Consulting Engineers 
Holes in the ozone layer, global warming, climate change, violent storms, drought, water 
restrictions, soil salinity, and population pressure are current news items raising public 
awareness of our reliance on environmental conditions to sustain human life.  Increasing life-
style expectations, availability of wealth and expansion of energy distribution networks and 
the proliferation of lighting are rapidly changing the global night-time environment.  Have we 
reached a situation where the on-going natural changes and adjustments within the 
environment are unable to accommodate the increasing rate of increase of the detrimental 
aspects of human activities? 
 
Image 1.  Biosphere II (ref 3) 
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An interesting experiment was 
constructed in Tucson (USA) in the 
late 1980’s; Biosphere II 
(Biosphere I being the Earth).  This 
was an attempt to build and live in 
a completely sealed and self-
sustaining environment for a 
protracted period of time.  Eight 
adults were sealed in this 
biosphere for a period of two years 
commencing September 26th 1991.  
Despite the best of research and 
rigorous training in the preceding 
years and US$200 million funding 
the experiment failed in its primary 
objective of being self-sustaining. 
Information can be found on the 
internet (ref 1, 2, 3, 12).  
Briefly, Biosphere II:  
▫ Built between 1987 and 1989. 
▫ A man made design closed ecological system covering 1.27 hectares (3.15 acres) 
consisting of five biomes (that is a section of forest, savannah, desert, ocean and 
marsh) plus an intensive agriculture biome (farm) and a human habitat area. 
▫ The biosphere system was a sealed system with “lungs” housed in a connected 
dome structure to accommodate air expansion and contraction with diurnal heating 
and cooling and alleviate the enormous pressures applied to the biosphere 
structures. 
▫ 3,800 species of plants and animals were carefully chosen and placed in the 
biosphere.  Some of the savannah plants were from Australia.  Soils were enriched 
with organic nutrients. 
▫ Eight adults entered Biosphere II on 26th Sept 1991 and left the biosphere 26th Sept 
1993. 
▫ Oxygen levels started to fall from the moment the environment was sealed and vital 
oxygen had to be pumped into the biosphere after 18 months.  The level of oxygen 
was very low, equivalent to an altitude over 5,180m (17,000ft) making physical effort 
difficult.  Microbes in the over-enriched organic materials in the rainforest and 
savannah biomes metabolized the material at a much higher rate than expected 
thus consuming more oxygen and producing more carbon dioxide than expected. 
▫ The CO2 excess from the nutrient material breakdown could have been converted to 
oxygen by photosynthesis; however, concrete (Calcium hydroxide (Ca(OH)2) used in 
Image 2.  Inside agricultural biome (ref 1) 
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the construction combined with the CO2 forming a layer of calcium carbonate 
(CaCO3) on the inside face of all the concrete surfaces.  Therefore the CO2 was not 
available for photosynthesis. 
▫ Abnormally long periods of overcast weather (much longer than had been 
anticipated) combined with more solid structural elements than had been anticipated 
initially produced extra shading; all contributed to less photosynthesis. 
▫ Levels of dinitrogen oxide became dangerously high creating a reduction in 
synthesis of vitamin B12 with the risk of brain damage. 
▫ The water system became polluted with too many nutrients. 
▫ 19 of the 25 small vertebrate species died out during those two years. 
▫ Virtually all of the insect species became extinct, including those that had been 
introduced to pollinate plants.  Therefore the plants could no longer self-propagate. 
▫ Cockroaches, katydids (crickets etc) and crazy ants (local ants not deliberately 
introduced but found their own way into this sealed environment) ran rampant. 
▫  Vines such as morning glory threatened to choke every other kind of plant. 
A biosphere of supposedly known content (and supposedly known interaction of those 
contents) lost its atmospheric human habitability, lost the majority of its animal and insect 
species and hence lost the ability for plants to self-propagate in less than two years.   
Suzuki and Dressel (ref 14 page 14) quote Edward O Wilson, professor of ecology at 
Harvard and an expert on biodiversity indicating that while the extinction of Homo Sapiens 
may well be beneficial to the earth as forests would re-grow, almost extinct species revive 
and the whole system re-generate; the extinction of creatures such as ants would have 
major consequences.  Without ants, some other species would disappear and parts of 
ecosystems would collapse as ants help 
aerate the soil, are predators to other insects 
and break up and remove 90 percent of any 
small dead creatures such that they become 
part of the biogeochemical (nutrient) cycle; 
that is, the cyclical movement of elements 
such as oxygen, carbon, nitrogen, sulphur 
and phosphorous between living organisms 
and their non-living surroundings (ref 7, page 
71).  Plants use and process these elements 
as an important function of our biosphere in 
providing a continued human friendly 
environment. 
Another experiment in the 1990’s; a company announced a break-through in genetic 
engineering with a common soil bacteria that could convert rotting crop waste into ethanol.  
Mycorrhysae (ref 5 and Image 3) is an association of fungi (hypae) on plant roots that keep 
 
Image 3.  Mycorrhyzae – 3 m of 
hypae per cm of plant root (ie 300 
X more effective). 
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plants healthy and selectively absorb minerals that plants need to survive.  The genetically 
engineered bacteria, Klebsiella planticula, produced ethanol but also interfered with and 
killed mycorrhysae, a potentially catastrophic side effect discovered by accident (ref 14, pp 
120-121) - no plants ultimately means no oxygen. 
The point being emphasized is that it is the small and deceptively insignificant components 
of an ecosystem that would appear to have the greatest potential to impact the health of our 
biosphere (ref 13) for human habitation. Is the proliferation of electric lighting contributing to 
the extinction of species and habitats and consequently an atmosphere not able to support 
life as we know it?  
The first practical application of carbon arc electric lighting in main squares and 
thoroughfares was in Paris (ref 6, pg 13) 128 years ago (1878).  In New South Wales the 
first small carbon arc public lighting system was ( ref 15) switched on in Tamworth on the 9th 
of November 1988, followed by an installation in Young in April 1989 and the centre of 
Sydney 8th July 1904.  Electric lighting has proliferated not only as a result of lamp 
technology advances and manufacturing efficiencies but particularly with the availability of 
electricity supply and, that is, more recent. The NASA image titled Earth at Night (ref 4) with 
Image 4 being a copy of the latest composite image available, October 1, 2006 showing the 
proliferation of electric lighting around the world.  This proliferation has occurred essentially 
during the last 100 years.  
 
Image 4.  NASA Composite Image of the Earth at Night October 1, 2006. 
Recently, 27th-28th October 2006, in Manly (Sydney) at the National IESANZ and IDA 
combined conferences, titled Our Lighting Future; there was a much greater focus on the 
importance of environmental awareness and the global impact of electric light.  At least one 
of the papers presented listed a reference, published in 2006.  The book, “Ecological 
Consequences of Artificial Night Lighting” is a useful collection of information from a number 
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of authors around the world.  The book is divided into six parts covering mammals, birds, 
reptiles and amphibians, fish, invertebrates and also plants.  Use of illuminance values in the 
order of 10-6 lux etc is very questionable, however, in principle the book is a useful step 
forward and acknowledges the lack of detailed information on the subject and that much 
more research is required to be species specific and to provide the kind of pragmatic results 
similar to the research associated with loggerhead, leatherback and green turtle hatchlings.  
Phrases such as “it would be logical to conclude” and many similar expressions throughout 
the various papers are used when there is no evidence but the author expresses an opinion 
to overcome the gap.  Investigation of the detrimental effects of electric lighting on different 
species is receiving more attention than 20 years ago. 
Road lighting is often targeted (ref 9) as a significant contributor to light pollution.  According 
to Kenny and Fisher (ref 11) road lighting design is about as efficient as it can be without 
exceeding the maximum threshold increment limit (Ti) and becoming excessively glaring to 
motorists.  The new revised Australian Standard AS/ANZ1158 for road lighting, in particular 
category V, is restricted to the use of high pressure sodium (HPS) unless in town and city 
centres or close to retail, commercial or entertainment precincts where metal halide is the 
alternative for whiter light (not high pressure mercury HPM) to promote the efficient use of 
electrical energy.  Eisenbeis (ref 8) indicates that use of HPS as a light source reduced the 
catch rate of insects in field studies by 55 percent compared to HPM although an HPM lamp 
with a UV filter attracted less insects than an HPS lamp.  According to Frank (ref 10) some 
species of moth fly towards light and others rarely do. The quantity of insects trapped was 
highest during new moon (dark night period) and warm temperatures compared to either full 
moon and/or cool night temperatures.  Other papers (ref 12) discuss the attraction of 
spiders, frogs, bats and birds to public lighting, feeding on insects and prey/predator 
relationships, disruption to circadian rhythms, potential interruption to mating cycles and the 
potential impact on species as a result of electric light throughout the night period.  Whilst 
Fisher (ref 9) indicates that late night switch out would not benefit “significant traffic” late 
night and early morning, it is interesting to recall the removal of category V road lighting from 
Southern Cross Drive (between Kensington and Eastlakes – Sydney) and the exclusion of 
category V road lighting from the Burnt Bridge Creek Deviation from Seaforth to Manly Vale 
(Sydney) in the late 1980’s which at first was unusual but 20 years later neither have been 
changed.  Is our demand for services throughout the night an unsustainable and an 
unnecessary expectation?  Do country villages and towns have “significant traffic” late night 
and early morning or could they become dark zones with only strategic intersections lit? 
In Europe the option to step switch some HID lamps down to 50 percent late at night has 
been available for many years.  Some recent advances in technology in Australia may 
provide some further options.  Sylvania is marketing some new control gear, “Environ 
system”, made by Environ systems. That will reduce waste light resulting from provision for 
lumen depreciation of HID lamps with standard iron-core control gear.  LED is becoming an 
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option.  Advance Lighting are marketing a luminaire developed by RUUD, that is, applicable 
to category P lighting and can provide V2 and V3 lighting although no trials have been 
conducted at this time.  At the moment the energy benefits are borderline, however, the 
rapid developments and improvements in LED technology may well see that benefit become 
more favourable.  The claim that white LED emits no ultra-violet light may provide some 
advantages if it reduces insect attraction. General area, public lighting and local sports 
lighting could use fixed luminaires with nil direct ULOR (upward light output ratio) and 
adjustable luminaires have a sufficiently asymmetric intensity distribution that when installed 
correctly the intended application is lit appropriately but there is nil direct ULOR unless 
otherwise approved by the local authority for the application.  Is the cheapest luminaire on 
the shortest (cheapest) pole the correct cost for our survival? 
There seems to be some doubt that any minor improvements in light pollution control (ref 9) 
will be sufficient to counteract population growth and resultant urbanization increase 
complete with associated electric lighting and this may well prove to be true if we continue 
along the same road.   
It is quite clear from experiments such as Biosphere II and Klebsiella planticula that 
ecosystems are not necessarily comprehensively understood and that considerable 
research is required to more clearly understand some of the effects of the proliferation of 
electric light and our life-style expectations on the ecosystems and the health of our 
biosphere.  Considering the estimates on the number of species of life on earth is unclear 
ranging from 2 to 100 million with an expectation that it might be closer to 10 million (ref 14):  
also considering that something like only 1.4 million species are currently named, obtaining 
research and knowing the effect of the proliferation of electric light on each of these known 
species and also on the yet to be discovered species is unlikely in the near future or perhaps 
the next 100 years.   
If we knew today that in 10 years’ time we would be unable to breathe easily or that potable 
water would be scarce as a result of our current actions challenging our environment, would 
we change what we do today?  If it was 5 years instead of 10 would that be sufficient 
motivation?  It took only 1.5 years in Biosphere II.  It takes a long time to correct the direction 
of a large ship.  Is it paranoia or is a paradigm shift in expectations required by those that 
perceive a need for outdoor lighting and by all involved in the process of bringing that need 
to fruition. 
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